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TIpumeuanne. Cnnomnog annneg TOKaSaHO pacnpoctrpahenne pogoBblx rpymn, lIpo- 
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MATEMATHKA 


K. A. BATPHHOBCKHM wu C. K. FOXYHOB 


PASHOCTHDBIE CXEMbI [JIA MHOFOMEPHDbIX 3A],A4 
(IIpedcmaeaeno axademuxom M. B. Keadouuem 4 IIT 1957) 
B stoli 3amMeTKe MBI XOTHM yKa3aTb Ha HOBbIM cmocoO NOcTpoeHHaA u 


HCCJIeOBaHHA Ha YCTOHYHBOCTH pa3HOCTHBIX CXeM pellieHHaA 3aqaun Kom 
1H MHOPOMePHbIX CHCTeM runepOosmuecKHX ypaBHeHHH Bua 


du; FE ee Ou 
Sanit s > a’, = Sie y bjjtj. (T) 
J=1, k=1 f= =1 


KoadpuyHvenTsl ai, 6:; 6yeM CUHTAaTb NOCTOAHHBIMH, XOTA wWpefwiaraemble 
3eCb IIPHHUHMbI MOryT ObITb TIPHJOXRKeHbI WH K ypaBHeHHAM C TepeMeHHbIMU 
KoadpuuveHTaMH. 

Kpome cuctemsr (T) paccMOTpHM 7 BCIIOMOraTeJIbHBIX CHCTeM 


ae m » Ou ‘e m 
= 3 aii We is a bu”, C= i 2 eapon a (Tp) 


na 
(b3; — mo6ple, yOBNeTBOpsIOIHe YcsOBHIO >» bi, = b;)). 
R=1 
B kaxKQOH M3 9THX CHCTeM HeMSBeCTHbIe PyHKUAK us 3apucaT OT Bpe- 
MeHH ¢t HW TOJbKO OT OMHOH NpocTpaHcTBeHHOu nepemexnot x,. Hauiew 3aja- 
ye OyJleT NOKa3aTb, 4TO CCH Mbl YM€CM CTPOHTb pa3HOCTHbIe CXeMbI JIA 
KOJJHOMEpHbIX» cCHcTemM (T,), TO CyM€eM MOCTPOHTb HeKOTOPyIo CxeMy HU WA 
«n-MepHol» cucTempi (T). Kax u3zectuo (('), Teopema 1, crp. 28), K pasHocT- 
HbIM CX€MAM JIA PeleCHHA KOPPEKTHbIX 3aay WuddpepeHuMabHbIX ypaBHeHui 
HYXKHO TIpe(bABIATb WBa TpeOoBaHHa. OHH OJKHbI ObITH: a) JOKaJIbHO TOUHBIMU 
u 6) ycTohunBpimu. Bastomcayyae Wp M3MebYeHHM WarOB pasHOCTHOM CeTKH 
PelIeHHA pasHOCTHHIX ypaBHeHHi OyyT CTpeMUTLCA K peleHuAM uddepenH- 
asIbHbIX. Jl1a O60CHOBaHHA pa3syMHOCTH pe iaraeMprx HaMH CXeM MbI OyJeM 
IIPOBEPATb, YTO OHH YAOBMETBOPAIOT TPeOOBaHHAM WHTHPOBAaHHOH TeOPeMbl. 
PaccMoTpuM rumepOosmmuecky!o cucTemy qudppepeHMabubixX ypaBHeHHH 


Ou: 
Se = Di GE + Door (D) 
J J ; 


Tpe6opaHve runepOomMyHOCTH Mbl HakuJiayblBaeM, YTOOb! OOecie4wHTb 
KOPPeKTHOCTb NMocTaHOBKH 3ayauH Koum. 

Bo3bMeM TIpsAMOYrOJIbHYyIO CeTKY B [vlOCKOCTH x, ¢ C IWaroM 7 TIO Bpe- 
Menu ¢ 4 c Warom fA m0 NpocTpaHcTBeHHOH NepeMeHHO x. SHauenHve *PyHK- 
UMM uw; B TOUKe ceTKH t= pt, X = gh OyfeM O6oO3Hau¥aTb 


DP, 
u; (x, t) = ui (Gh, pt) = ur? 

IIpeqnosoxuM, qTO HaMH IIOCTPpOe€Ha He€KOTOPAaH Pa3sHOCTHaH CxXeMa Bua 

= De Cit; . (R) 


1] 
434 


B jlabHeylieM MbI OyeM 3alIMCbIBaTb Ce Tak: 


~ 


f~o~ i) 
i = Ce 4 


nouuMan nog C MaTpuly,  nepeBogamyio OecKOHeYHOMepHbI BeKTOP 
uP = {uP +B Bextop wu’. 

TIpeqnonoxum, uro (R) anmpoxcumupyet cucremy (D) u 4To _cxema 
ycToluHBa B TOM CMBICJe, YTO JIA focTaTOUHO MaJIbIx <= | ur |< 
< (1 +e) ice te WJM, 4YTO TO xe, || Ci<(l +k), re MO HOpMOl BeK- 


Topa wu” Mbl MOHAMaeM 
(a= (Seiar7pP)" 
i,g 


BekTop, KOMMOHe€HTaMH KOTOPOTO SABJIAIOTCA TOJIOXKHTeJbHbIC YIHCIA 27, 
o6o3HauumM g. Cxemy, o6majqaiollyio yKa3aHHbIMH CBOHCTBaMH, OyjjeM Hasbl- 
BaTb g-ycTOuunBol. Mbr moKaxKeM, 4TO eCIH JIA KaxOH U3 CHCTeEM 
(Tn) MBI MOX%KEM TIOCTpONTb g-yeTOMuMBylo CcxemMy (BeKTOp g —OOUlMH AIA 
Bcex k), TO Mbl CMOXK€M NOCTPOHTb yCTOMYMByIO CXeMy H Jian cHcTeMbI (T). 
Ilyctb pasHocTHaa cxema (R;) Qua (Tr) onpeqemsetca Matpuueh Cp. 

PaccMoTpuM Tenepb w;, 3aBucauyHe oT n-+ 1 apryMeHTOB f, Xj, Xo, .--, Xn» 
HW O6O3HaqHM uU; (pt, Gy, ote, --+, Gnitn) uepes uf? °°”, Mer 6yzem 
ropoputb, To uf? “1°” ynopnerBopser (Rp), ecu 


DP, Wy NV Anl—dp Bs 940+ GR=1: | Th4-1-+-9n 
Uj tee Oat . 
i, l 


KopotKo MbI 39TO Oyqem 3alNHCbIBaTb B BHAe 
a Cr (s; hp) uP 
Mor YTBepaaeM, YITO PasHOCTHAaH CXEMa 


uP = F (c, hy. .hn) uP, rye F =Cpa(t, Mn) Cn (%) Ana). »-Cy(e, Ay) (R) 


OyfeT ycrolunBok. HetpyqHo MpoBepHTb, 4YTO OHA OyeT anMpoOKCHMHpOBaTB 
cuctemy (T). 
is MpoBepKH ycTOHMYnBOCTH oOmpexerHM 


Isa a rapeaeeta A WP a AAT tech 
by Qye-In 


OueBHHO, ITO Kaxkad u3 MaTpHy C, He yBeMYMBaeT STO HOpMbI OombUIe, 
yem B | +k pas, a CleqOBaTeIbHO, TOKe OyeT cupaBeqmHBO HU ANA UX 
NIPOH3BefeHHA (TOMbKO C Apyrol mocTosHHOH &). 

IIpu mMoMouiM «OHOMePHEIX» CX€M MOXKHO CTPOHTb «KMHOTOMepHEIe» 
CX€MbI BHjJla, OTJMUHOrO OT Bua cxembI (R). Hanpumep, ecu MaTpuubt Cz 
MOryT ObITb Mpef{cTaBJIeHbI B Bue 


Cx E+ Ph *, 


rye E —eMHWuHadA MaTpHia; (4, —HeEKOTOPHI 4HCMOBOH NapaMerTp takoii, 
4TO TIpH ppt/h,p<1 cxema g-ycToltunpa, a H,—mMatTpuia, dopMabHO He 
3aBHCAMad OT tT H Ay, (OUCBHAHO, TO Ha FOcTaTOUHO TaqKUX (byHKMMAX U 
H,u YOuoKHa CTpeMuTbcaA K HYyO pH hy—>0), TO MOxHO mMOcTpouTD 


* Syecb MBI MpeAmonaraemM JIA MpOCTOTbI, UTO B CHCTeMax (T,) Bce KosdduyneHTp 
k 
bi; PaBHbI HYVIIO. 
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CueqyIolly!o PasHOCTHy!o CxeMYy, almpoKcumupyrontyio (T): 


w= Gyr, «rye G= f= aL 


42,7 


Ora cxeMa OyjeT 3aBeqoMO ycToliunBol mpu Ts <1, kak 9TO cue- 


jyeT 43 HepaBeHcTBa 
. iel<|1 ee pid JEL, . 


OrmeTHM, uTo cxema (R) B 9TOM cayyae GObia Obl ycrolunBol mpu 
pt ; & ‘ 
es hy, S 1, T. €. B-HECKONbKO Oovbilel O6actu. Kpome toro, cxema (R), 
PacueT NO KOTOPOM CBOAHTCA K MOCJIeCAOBaTeMbHOMY BbITIOJIHeHHIO OJHOMep- 
HbIX PpaC4ETOB, MOXeT OKa3saTbCA Oosee yOOHOH A BbIMHCJIMTeIbHBIX 
MalllHH. 

B xkayecTBe mpHmMepa PaCCMOTPUM MIpWJIO%KeHHe OTMEYCHHBIX BBIILe (paKTOB 
K MOCTpoeHHio Pa3HOCTHOH CX€MBbI JIA NpOcTetitueH CHCTeMBI runep6oummyecKUXx 
ypaBHeHHi 


Ou , Op __ ov Op. 3 Op , Ou , Ov 
ote Pee OR gy tt eee 


3a “OMHOMEpHyloy CXeMy TO TepeMeHHOMy X 3/[ecb MOXKHO, HallpHMep, 
B3ATb 


u(i+ct, x) =u(t, x)— 
5 iit, x-+h)— p(t, x—A)) + 5 [w(t x +h) — Quit, x) + u(t, x—A)], 
ee i) ae (mee) 
Digi, a) p(t, x)— = [u(t, x +h)—u(t, x —A)] + 


+5, l(t, x+h)—2p(t, )+p(t, x —A)). 


OTa cxXeMa He yBeJIMUMBaeT HOPMbI, OMpeseseHHOH Kak CyMMa TIO BCeM 
TOUKaM CeTKH BeMuHH u*-+v?-+ p?. AnamorH4yHO cCTpOHTCA OfHOMepHaa 
CxeMa IO IlepeMeHHOMy Y. 

OTMeTHM, TO TpefcTaBsIeHHe pPpa3HOCTHEIX CXeM JIA CJIOAHBIX CHCTeM 
yPaBHeHHH B BHJe «NpOH3BeseHHA» CXeM, COCTABJICHHBIX JIA OT/CJIbHbIX 
rpylM WWIeHOB, BXOJAILUX B 9TH CHCTEMbI, MOMKeT OKAasaTbCH YOOHBIM H B 
page Apyrux cayyaes. Tak, HallpHmMep, pa3HOCTHy!0 CXeMy JIA CHCTEMbI 


Ov Ou OT Ou OFT 


—Se io — Sl | —— 
ot Ox 0, at | C Ox On 


Ou Ov OT 
H—AS+ Bo 0, 


ONMCHIBaIOIeH pacipoctpaneHve 3ByKa B TEIVJIONPOBOAHOM cpeye, MOXHO 
NOCTPOHTb KaK «IPOHSBeeHHe» Pa3HOCTHbIX CXeM JIA [ByX Oomee MpPOCTHIX 
cuctem (1) u (2): 


Ou ol) oT du Ou OT Cs 
ae A ag te Pg oe) ar ge Orgs Gig mh (1) 
Ou Ov OF Ore 
img ceca On (2) 
MatemaTuueckuit nacTuTyT um. B. A. CrekoBa THocrynusia 
Akayemun HayK CCCP 28 II 1957 


UMTHPOBAHHAA JIMTEPATYPA 


1B C. PaGenskud, A. ©. Ouaunn08B, OO ycrow4yHROcTH pa3HOCTHBIX ypaB- 
HeHuh, M., 1956. 
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Jlokxuage AKkayemunM Hayk CCCP 
1957. Tom 115, Ne 3 


MATEMATHKA 


M. C. TOPHUITEHH 


4UACJIEHHOE PEUWIEHHE AJITEBPAHYECKHX 
MW TPAHCILEHJEHTHbIX YPABHEHHU 


(IIpedcmaseaeno axademuxom M. B. Keadouuem 6 II 1957) 


I]. TIlycrb tpe6yerca ualirH mpocro Kkopenb Z ypaBuenusa f(z) =O, 
jexamui B o6OnactH G: |z—C|<p, rye C—duKcHpoBaHHOe HCO; 
f (2) —yuKuua KOMMeKcHOrO TepemeHHoro, perysapHad B OOmacTH G. 
IIpeyctapuM 9TO ypaBHenve B Buse Z=—o, (z; ©), rae 9, (2; Q = 2z2—H, (z; 
C)f(z); H, (2; 9 —muorounen crenenu n m0 2, KoapPHyveHTBI KoTOporo 
sasucat oT C. Pasnoxum dynxuun H,(z; 9 u f(z) no crenenam z—C: 

He t}=% nye = Xs) 
22, )=Sime—0s /O=Viee—o (f= HO). 


5 
k=0 s=0 


Torga 9, (2; 0) = > (z —O)*, rae Ong = © — fohno, Oni = 1 — fahno — foltnr, 
k=0 


Onk = — Tr—s has (k= 2, 3,...3 Ans =O pu sn), npnuem p= 
s=0 
1 d*o, (2; 0) 
—— pl dz pier 
Tloquunum cpynKuuo 9, (z; €) cueqyroutum n+ 1 ycnoBusaM: 
do, (2; ©)/dz*\z..=0 npn k=], 2,..., n+], 
uTO JlacT cucTemy n-+ 1 muHeHHEIX ypaBHeHHl op_,=0 (R= 1, 2,...,n +1) 
CMCUSHCCTHEIME [E15 Migs cette salen 
OnpeyeiutTenb STO CHCTeMBI 
4. 26. a ee ce 
fonda t Toe sateOn 


ie fed pease i fo 
[n=1 In fea Fane le it 
PewmeHue cuctembl (pH ycnosuu g,=-0) 6yzeT Ah, = Suet 8, (P= Oe 


..m), The g,,, —avureOpanyeckne JONONHEHHA 9JIEMeHTOB TepBOl CTpoKH 
ompeyemutesa (1). 
JlaHHoe ypaBHeHve MOXKHO 3allcaTb B Bue 


Z2=2a+rn(2; 9), (2) 
rye 
Zn = 0 — foPn-a/ fas (3) 
ey oe = >, ©, (2 — ©)F. (4) 
k=n+2 
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IIpuMem Z, 3a NpHOMKeHHOe 3HaYeHHe KOpHaA HW G6yyeM ero Ha3bIBaTb 
NpwOwHxKeHHEM ATO NOpsxAAKa. Tlorpemnocrs n-ro npH6mmxKeHHA 
pabua r,(z; ©). 

IJ. Pasnaraa onpeyemutenb &, MO 3eMeHTaM Tepsporo cron6ua, NOyYHM 
aH Hero pekyppeHTHylo (opmyuly 


n= >, (—fo)Sistagna—-s (n=0, 1,...5 gi =). (5) 


s=0 


Tlomb3syxicb U3BECTHEIMH CBOHCTBaMH OMpesesuTena, Halijyjem 


Enr as (Canoe B58) = ro)" (R Sa 0, sey A, es ies 1, gs = 0). 


MoxHO BBIpPasHTbh g, HenocpeycTBeHHO yepes f,, g, = > Gained aes 


s=0 
OyHakoO Cc BO3pacTaHHeM fn H S_ BbIPaKeHHA JH A” ObICTpO yc- 
JOXKHAIOTCH, HW efBa JIM BbITOMHO MNOJJb30BaTbCA HMH IPH OoubUINX 


SHaveHHAX # UM S. BbINHUIeEM HeCKOJbKO MepBbIxX 3HayeHH A” (BBeeHO 
o6o3sHayenne m”) = m(m— 1)...(m—k- 1)): 


Stra AD Snot Aa @ On tee DO he i e 2k 
Ag? = (1 — 2) FT fg + (0 -- 2) FT ofa + (a — 2) HT FE / 31; 
Ag” = (8 3) fs + (A — 3) (faba sf 29 + 
SO) teat) ee) een ete 
Ileppble BbIPaxKeHHA JIA a (uepes i.) MMeCIOT BHI: 
So=fis g1=fi—fofes 82 = ft — 2fofife + Pols: 
8s = fi — 3fofifs + fo (2fifs + fs) — fofas 
Sa=fi—Afofife + 3fo (fifs + fe) — 2fo (fifa + fefs) + fols> --- 
Ill. Beezem o6o03HaueHHa 


Or Ol (= On lea) Hf gine 17) ales pl ets) a) 
le fa (Gis eid) 


(npeanouaraetca f; = 0). U3 (5) nomyaaem an = fy + >) (— fo) Sfs4st aa = 
n—i—S 
s=1 
A = ie 
aiitak > Cae hea 
S=1 a 
An = fi (1 + bn), (7) 
rye 
bn == > (— i) eee . Se cilg tea (8) 
s=1 
Pa3yenuB fy Ha O6e uactTH (7), NowyuHM 
l 
i — 4 any Ae (9) 


JliemmMa. IJ] pu eoinonHeHuu ycaoeull (nponucHole OyKebl O3HAYAIOM Mo- 
Oyau 4Uucer) 
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‘Lo =lfo/ fil <3 —2V2=0,171572..., Ms <((8—2V 2)/Lo)° (10) 
(Sle ena) 
NOCACOOBAMENHOCMS An O2paHUMeHa,  An=zEO (caedoeamencHo, U Bn=— 9) 
i, deere 
Be K He aTewbcTBo. IlIpeqpapurembHo mpeqnonoxum, uto Ly<l. 
BosbMeM HCHO g 3 UHTeppana (Lo, 1) mM Apyroe 4iclo q= 
= (q —Ly)/ (2g — Lo). Ouesuguo, g,< 1. Morpe6yem, sro6nr OblI0 9, > q- 
Jlerko noxasatb, uro upu L,<(3—2Y2 Gyner 9g, >>g ANA BCeX 3HaueHHlt 
g 3 ONpeyenennoro uHTeppaa, Hu mph gq=L,(l+1 /V 2) OTHOWMeHHe 
q, / @upuMer HaHOompIllee 43 BOSMOXKHBIX sHayeHHH: (97, / max =(2 — 22) ee 
Meroyqom nowHOH. MWHAYKUMH MOXHO JOKa3aTb, UTO TIpH BbINOJHeHHM 


yenopui, (10) .6yner La<cq upw n=0, 1, 2,... Us (8) nonyaum 
n n a ede 
Bu Wiles Melt (3) <,-# =V2—1<0,5. Orcioza, 
s=1 Sei 


IIpHHUMax BO BHHMaHHe (7), CJleqy!oT yTBepsKJeCHHA JIEMMBI. 

IV. O6osHauuM HMKHIOIO H BePXHIOIO rpaHH mMocsefoBaTempHocTu Ay 
COOTBeTCTBeHHO yepe3 a H A; a<A,< A. Kpome Toro, mpegqmouoxuM, 4TO 
nocmeqoBatembHocTh = F,=|fn| = |fa(€)/n!| orpanwgena, u NycTb 


Pi<PF (@=286. 2) (11) 


Teopema 1. [pu seinoanenuu ycaoeuti (10), (Ll) u ycaoeua p< 1, rye 
y= Ap(1+F/(1—L,) A)/a, nocaedoeamenrsxocme (3), Komopyto mooKcHO 
ganucamb 6 eude 2, =C—In, cxoOumcaA K KOPHIO OaHHOeO YpaeHeHuA. 

Tloka3ateuaberTso. Jlocrarouno moKasatb, uro limr,=0. Us (4) 


N+ c 


fos) k n 
nomyyaem Rp < >, ©,,0", 1pusem Onn <>} Pei me Di Het 


k=n+2 s=0 s=0 
=0 mnpu s>n). Moxno yoxa3atb, To Ay << FA" *(A+F/(1— 
== L,))o* / (lS Eq a? (Sat oe a) a a ee 
" FA" (AS RY — Bey ee 1% E\e 
Use SF d=Lj)e" <A ext f—L, A)’ 
Ra<Kppett (n> 0), (12) 


roe i= F/A(L_—9) (14+ Fl — 1) 4), pe aol ey eae 
B cusy ycsosua »<(1 6yyem umetb lim R, = 0. Teopema joxa3ana. 
mM oO 

OueHkKa MorpelinocTH 7-ro npHOsmxKeHHA (N= 1, 2,...) MaeTCA BEIpa- 
weHnem (12). Uro kacaetca MpHOnMKeHHA HyeBoro NOpsAKa, TO JIA Hero 
HMeeM fy = —~+->| fr(2—%*. IIpeaqmonox%KuM, 4TO B 9TOM pay epBoe 

h=2 
u3 uncel fp, He paBHoe Hywo, ecTb f, (7 >2). Torga nonyaym Ry <Q 
<(Eize ois 

SameuaHua |. Ha npaktuke py BbISHCMeHHH MOPpeWIHOCTH MOKHO 
WOUYCTHTh culeyfyroulue yupoweHua: 1) 1—Ly u 1—p 3amMeHuTb euMHUeH; 
2) npHHATS A= A= F,=|7,|. Torna K =F (PF -F)), p= Pe 

2. B cayuae BeleCTBeEHHOrO KOPHA BeleCTBeHHOH cbyHKUHH NomyyaeTca 
K =F |(F + Fy) (1+0(1 + Fi/F)). 

3. MoxHo qoKa3aTb, 4TO: ecau Hatidena nocaedoeamervHocmo fz (k=O, 1,...); 
coomeemcmeyrwian HeKomopomy wucAYy, & yOoezaemeopsiOWaA YCAOCeUAM mMmeo- 
pemot 1, mo @ HeKkomopoli p-oKpecmHocmuU uuCcAa © AexCUM KOpenb YpaeHeHuaA, 
u nocredosameAbHocmb Z, cxodumca K KopHto. Mostxo npuxamo p= Ly. 

IIpumep. z2?— 6z? + 109z— 306=0. Ilyctb C=3. Torga fp = —6, 
fy = 100, fp =3, f;=1, fx =0 upu kR>3. MoxHo nomb3oparsca dopmy- 
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now (3), BBIYHCIAA 2, nO (5), Hau dopmynoH z,=—C—I,, Bbmucaaa 
b, mio (8) uw Jn mo (9). Mono, HakoHel, BBIUMCIATD gy, (NO n= 4) 
mo sBiipaxenuym nn. II; Tlonywuam 2 =3,060; 2,=3,05989; 2= 
= 3,0598945; zz = 3,0598945279; z4, = 3,059894527995; ... Morpemmocru, 
BbIUHCJICHHBIE MO YypolmeHHbiM 3HayeHHamM K un p: Ry<0,11-10°%; 
Haj _0,23-10°: Ry < 0,14-10°; R,< 0,87-10*; R,< 053-10 MWeneren- 
Tembuble Worpemmocru: O,ti- 10 *; 0:23 101*:70;25107 02.10% 10 24 

V. OO6o0Omenue Tponecca HpwrTona. O6o3HauNM Yepes Zp,n, IPH - 
OumxKeHHe NOPAKa My pH YCOBHH, YTO 3a HavabHOe 3HayeHve KOpHA 
B3ATO Zp,; BOOOUIE, YEPES Zn, .. nm, nm — UPHOMM2KeHHe NOpALKAa Nm pH ycso- 
BHM, UTO HavaJIbHBIM 3HAaYeCHHeM KOPHA CIYXKUT Zn, ...n,,_,- Upeqnonaraetcs 
We 0 (iin Fo el 

Teopema 2. Etau. navanonoe 3Hauenue Kopna © yOoeaemeopsem ycao- 
eum meopemol 1, mo nocaedoeameAbHOCMb Zny, Znyng Znyngtyr + » CXOOUMCA 
K KOPHIO YpaeHeHus. 

WoxasateabcTsBo. IlpespaputenbHo 6yfemM mpegqnouaraTh, uTO BCe 
Ny > 0. Vimeem | z— 2Zn,| = Ra, <c Kop™+1. Tpumem 2p, = ¢, uw yia 3nauenua C, 
HavieM Znn,- Umeem py = Kpp™t1, |2—Znn|< Kye"? mmm Ran < 
<( Ky K+? ppt?) (m+2)—1, Tlocne mTakuxX WaroB NOYYHM Zpy,...2m C MOrpelll- 
HOCTbIO. 


Nm +2 (ey +2) (My — +2)». (M2+2) (+2) «.. (My)+2)J—1 
Reon ls media oe ON i tae: py A . (13) 
Max Kak see K< 1° ie <-ly*ro im Ry lm =O, M TeopeMa JIA sToro 


m—oo 

cayuad foKasaHa. HerpyyHo noKasaTb, ¥TO TeopeMa OyyeT BepHa HM B TOM 

csyuae, Kora cpeqW 4Hcel nN, uMeloTCA HysM, ecuH Fo/(1—p)F,<l. 
Sameuauua. 1. Ana rpyOoro ompegenenua norpeuiHocTu MoxHO B (13) 

npuuatb K, = K,=...=K. Torga nonyaum 


Rn, Bes <i Kt eCat D+ oe LE (1p +2) «-- (M2+2)] 


[Cas $2) «6. (Mty-+2)]—1 


py 
(n-+2)M™—1 
B cayiae ny =f, =...=n Tonyuum Ry, < KK 1 pple 
2. B cnyuae ny = Ng =... =O (Mpouecc Hbiwrona) ouenKa norpemiHocTH 


m-ro mara 6yfer tebe Gui iad * pye K = F/(1—o) F,, uau, B yupo- 
weHHoM Bue, K = F/ Fy. 

3.. Teopemy 2 MO%KHO IIPHMCHHTb H B CJlyyae HeaHaNMTMYeECKOH PyHKUUH, 
uMelolleH IpOWSBoAHHIe JO Topazyka n+ 2 (n> O), ecmH JA HayambHOrO 
3HaueHUA © BBIMONHAIOTCA yCOBuA Teopemb! | Jo nopsyka n+2 BKsmoun- 
TembHO. IIpu sTOM OMKHO ObITh Im<n (m= 1, 2,...). 

VI. Sameyanua. Ileppoe mpHOsumxeHve BrepBble ObIIO ONlyONHKOBaHO 
B (7), 3aT€CM BHOBb OTKPbIBaOCb ApyruMH apBropamu (3,*). [puOnmxenua 
jlo TpeTbero nopajKa uMmerotcs B (°,°). IpuOmmxenua moOoro mopsyKa, BbI- 
paxkeHHble vepes onpeyenutenb (1), ganp B (7%). B (®) uMmeetca Takxe 
dopmyusa (5) HacTrosmel padoTnt. Bo Bcex WuTHpoBaHHbIx paOoTax He cTa- 
BUTCH BOMpoc O cymlecTBOBaHHH lim Zz, HO He pelliaeTca Take BOMpoc O Cxo- 

1 CO 
JMMOCTH K KOpHIO OG60OmeHHOrO Mpowecca HbroTroua, Kpome ofHoro catyyaa: 
Ny =f, =...=1 (7°). Ilo Bonpocy »%e 0 cxoquMocTH camoro Mporecca Hp10- 
TOHa UMeeTCA OOMIHPHAA JHTepaTypa, KOTOpOH A 3yecb KaCaTbcaA He Oyzy. 


Iloctynusto 
10 XII 1956 
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82, Ne4 (1954). 
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Jloxnagn Akafemuu a CccCcP 
1957. Tom 115, Ne 3 


MATEMATHKA 


r. E. JOKEMC-JIEBU 


BECKBAJIPATYPHOE HOMOrPA®HPOBAHHE 
(IIpedcmaeaneno axademuxom A. A. Jopoduuyoinom 27 IT 1957) 


Ilyctb Quit aHHoro ypaBHeHHs 


z=F (x,y), %S*X<S%, Woy, (1) 


KOTOpoe MHOra OyqeM HcaTb B Bue xX = (yz), MOXKeT ObITb MocTpoeHa 
pa6ouad HOMOrpaMMa H3 BbIpaBHeHHbIX TO¥eK, JIA KOTOPOH ypaBHeHHe 
Macco wMeeT BHA 

fi (*) 1 (*) 
Fo (y) 92 (y) 
fs (Z) 3 (2) 


(2) 


TpeOyetca oTICKaTb [f; H 9, (6 = 1, 2, 3). 

Cunraem x HM Z He3aBHCHMbIMH TepeMeHHbIMH, a yY — HX PyHKuHeH. IIpu- 
paBHuBaem pousBoyupre Oy /Ox, Oy /Ox*, NlomyueHHble H3 ypaBHeHul (1) 
wu (2). Uckmouaem f;(Z) H 93 (2) 43 NOWyYeHHBIX paBeHCTB WM ypaBHeHua (2): 


ay  Ufg—fy fy @,— 9) — 91 (fg —f,) 
x, SSeS Fay aes tA Ln a 3 
eh 4) Ox lacs is fg (g— 9 eels pies ( ) 


N(x, =—S4=p, Soe 252 Vp, 
A, = file. — 91) — 01 (fa — fh) ); nantes ey we 


PapenctBo (4) sBuIseTca ToxecTBOM 10 x H y. Jina onpeyeneHua uz 
Hero (yHKUHH fy, 9, (HIM fe, 2) MOCTaTOUHO aTb NepeMeHHOH Y (COOTBeT- 
CTBeHHO x) 6 mpoM3BOubHEIX 3HayeHHi. Ilonyuntca 6 anreOpanyecKux ypas- 
HeHHH OTHOCHTeIbHO 6 Hen3BecTHEIX dyHKUHH. B cuny npeqnonoxwenua 
0 HOMOrpadupyemocTH ypaBHenus (1) cacrema copmecTHa. Haligenupie pyHK- 
Wuu OyfyT 3aBuceTb oT 36 KOHCTaHT (3HayeHHA SACRE pl) (y,), i=9, 1, 2, 
k=1,...,6). 8 KoHCTaHT MOXHO BHIOpaTb, BOCHOJb3SOBaBLUIHCh MPOeKTHB- 
HbIMH NapamMeTpaMH. 

Korgla H3BecTHBI (PyHKUWH fy H oy, ONpefeweHHe OCTasIbHbIX 3JIEMCHTOB 
onpegemuteman Macco mponsBoyutca asireOpanyecku (+) (TpeOyeTca pa3- 
pellmMocTb ypaBHeHua (1) oTHocuTeibHO x). HaxoxkyeHHe KOHCTaHT 4H 
IIpOBepKa COOTBeTCTBHA MOcTpoeHHoro ypaBHenus Macco u HCXOMHOrO peulaeT 
BoIpoc O HOMOrpadupyeMocTH ocsieqHero. 

M3 v30%KeHHOrO BHAHO, YTO JIA BbIACHeCHHA BOTMpoca O HOMOrpadupye- 
MOCTH JlaHHOrO ypaBHeHHsa, BOOOWe TOBOpA, MOCTaTOUHO CYyLlecTBOBaHHA 
BTOPbIX IpOH3BOAHEIX OT F (x, y). CooTBeTCTBeEHHO, JIA BbINCHeHHA BO3MOX- 
HOCTH HOCTpOeHHA HOMOrpaMMBI C OJHOH NPAMOJMHEHHOH WKaNOH FOcTaTOUHO 
CYIeCTBOBAHHA TepBbIX MpOWSBOAHBIX. B caMoM fleue, eCM ypaBHeHue (1) 


MpuBoyutTca K BuLY fs = fo TO, IpHpaBHHBad MpOHsBOAHbIe ao , 0- 
Leo PS 
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rye 


Oy Ay 
AywiM = = Ay? WH, B pasBepHyToM Buse 


fie — ile + fipe2— oupha + (eif: — Gift) = P (fafa — Gafe)- (5) 


Jlapaat mepemenHoi y 5 pasmmunblx 3Havennit, NOJy4HM CHCTeMy, JIH- 


HeHHy!0 OTHOCHTebHO Hev3BeCTHBIX fy, 9, fi, %1, efi — eft B cusy mpeq- 
MOJIOKEHHA O HOMOrpadupyeMocTH, 9Ta cHcTeMa coBMecTHa. C JIeqOBaTeJIbHO. 


a, by p(XYyy)(Qydy — bycy) pl xyi) dy 4 
Az by P(XY2)\A2d2— bec2) p (XY2) do 1 
a3 bs p(Xys)(asd3— hscs3) p(xys)d3 1 
_ | aa Og p(XYa)(Aadg— Baca) p (x44) de i 
peak as bs P(xXYs)(Asds— bscs) p(xYys)ds 1 (6) 
a by plxyi)cy pi(xyi) dy : 
a, bz p(XY2) Cy p(xY2) de 
a3 bs p(XY3) Cs P (XYs) ds 
Qa, Og p(XYa)Ca p(xy,4) as 
a, bs p(XYs)Cs p(xYs) ds 


ee ee 


a by p(xyi)cy p(xyy)[Qidy — bye] 14 
Az by P(XY2) C2 Pp (XY2) [A2d2— docs] 1 
a3 bg p(xY3)C3 p(xYs) [asd3 — bcs] 1 
aq ba P(XYa) Ca P(XY4) [@ada — bgcy] 1 
as bs P(XYs)Cs p(XYs)[asds— bscs] 1 (7) 
a by pl(xyi)cr p(xyi)d, 1 ; 
a, by P(XY2)C2 p(XYs) de 
az bs p(XYs)Cs p(XY3) ds 
ay by p(XYa)ea p(xY4) da 
1&5; 55 p(xYs)cs p(xYs) ds 


eS 
I 


Sass pss fs 


Ecam 3aMe€HHTb NOACTaHOBKYy 4aCTHbIX 3HayeHH y juddpepesuMNpoBanvem 
m0 Y C TMocwexyrouleH MOACTaHOBKOH OHOrO MW TOrO Ke 3HaveHHA Y = Yo, TO 
YHCJIO KOHCTaHT, BXOJAMIMX B (byHKuMM f/f, 41, YMCHbIUMTCA (B ypaBHeHHu 
6-ro nopsyKa) qo 16, a c HcnOm b30BaHHeM TapaMeTpoB MpOeKTHBHOrO Mpe- 
oOpas0BaHHa — to 8. OTH MapameTpbl MoryT ObITb HalifeHbl U3 yCJIOBHH 
COBMECTHMOCTH IIOJIYYCHHBIX ypaBHeEHHH OTHOCHTeJIbHO NPOW3BO]HHIX. 

Jina ypapueHuw 5-ro Homorpactbwyeckoro NopsAgKa Cc MpxAMOWHHeHMHOL 
mkaiow x B Cyyae JOCTaTOUHOH rvia{KOCTH MO/ydHM 


N N \ 
==, | DD ab — pa 
Gas a lalate 


N 
2(-F-) Pay — Put — pe Po + Pa 


fi (x) = mpH y= Yo. (8) 


Tlapametpp a, b,c, d MoryT ObiITb onpefeJIeHbl H3 YCJIOBAA COBMeCTHOCTH 
OTHOCHTeEJIbHO MpoM3BoAHEIx f,, f; YpaBHeHHli 


il We 
em = Ff, — pufi— p (fF? + af — 8) (10) 


HW ypaBuenna (8). 
Ulkana z onpejesserca H3 ypaBHeHHA 


= —pl{y (Yo 2); Yo] a ! ; 
5 (2) Wee eal — mem fs (2) = 9s (2) fa [9 (Yo2)] 
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Jima ypapHenui 4-ro HoMorpadHuecKkoro MopsyKa H3/IO%KeHHBIN MeTOy 
BecbMa 9pdeKTHBEH. : 

Teopema. Ecau Ona ypaenenua (1) moocem Oolmb nocmpoexna HoOmMO- 
2pamma 4-20 nopsdKa (Kowu uau KaapKka — be3pa3au4no), mo coomeemcmeyto- 
wan antamopqosa, 3anucoleaemca 6 eude 


Fy (XYs) Fy (xYy) Fy (*Y1) Fy (xY3) 

F (x3) Fy (XY) Fy (XY) Fy (XY) 

by (Ys2) Py Yo2) Py (Y42)*' y (Ys?) 
om bz (Y32) Yz (Y22) nee bz (442) ¥z (Y32) 

Fy (%4,) Fy (*¥5) |’ Fy (xY,) Fy(%¥g) | * 

Fy (XY) Fy (X95) Fy(xy,) Fy (YQ) 

by (4,2) Py (452) by (42) Py (Yo2) 

bz (Wz), (Yo2) by (442) bz (¥52) 


Ecau y paenenue (1) 3-20 Homoepaguueckozo nopAdKa, mo 


Fy (xy) Py (yz) 
Fey =*ORO, egy =1OBW), 


u aHnamopqo3sa cmanosumcaA HeonpedereHnoti 


BpmaHCIHTeIbHBI IeHTp Tlocrynuao 
Axkagemuu nayK CCCP 25 II 1957 


UMTHPOBAHHAA JIATEPATYPA 
'T. E. Txemc-Jlespun, Yu. 3an. MPY, N163 (1953). 
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Joncaajye Akagemun nayrx CCCP 
1957. Tom 115, Ne 3 


MATEMATHKA 


JI. B. KAHTOPOBHY 


O METOJAX AHAJIH3A HEKOTOPbIX IKCTPEMAJIDHbIX 
NJIAHOBO-MPOH3BOJICTBEHHbIX 3AJ]AYU 


(I7pedcmaeaexo axademuxom A. H. Koamozoposeim 5 III 1957) 


IIpu ucceQOBaHHU BOMpOcoB, CBASAHHbIX C COCTABJIEHHeEM pallMOHambHOoro 
miaHa, OOecMeynBarolllero HaHJly4ilee MCHOMb3OBaHHe PeCypCOB WH M@KCHMAaJIb- 
HbIM BbIMYCK NOTpeOHOH MpOAyKUAH, AO2KHbI MPHHECTH CYWLECTBeEHHY!O MOJb3y 
MeTOJbI aHAaIH3a MATCMATHYeCKHX MOfleeH yKa3aHHbIxX 3ajlay. 

Ilyctb uMeetca / BUAOB KOHCYHDIX NPOAYKTOB, M BUAOB NMpOMer*KyTOUHBIX 
MIpOAYKTOB HW NM BHAOB MIpOH3SBOACTBeHHbIX (akTopoB. Mmeetca N Texuosoruye- 
CKHX CnocoOoB NpousBoscTBa. Kaxkblit cnoco6 x,(s = 1,...,N) xapakTepusyerca 
TpeMA BeKTOpaMH 


a “ ; ( * 
Oe (ae ee ey ay ae. mag ON Ze (ae) Ae eee (1) 


KOMIOHEHTHI KOTOPbIX NOKA3bIBalOT OOEM MPOH3BOACTBa KOHEUHBIX MpOYKTOB, 
NpOMeKYTOUHBIX MPOAYKTOB, MpOW3BOACTBEHHbIX MaKTOPOB, COOTBeETCTBeEHHO 
(OTpUUaTeJIbHbI€e KOMIOHEHTHI O3HAYaIOT 3aTparbl). 

JjonycTuMble liaHbl OMpeesAIOTCA KaK MOJIOMKUTEMbHbIe JIMHEHHbIe KOMOMHA- 
IMM OCHOBHbIX cnoco6os, T. e. nau P onpefenserca BeKTopoMm P (py, ..., Pn) 
(ps0). IIlnan P B npeqnouo*Kenuu MMHeEMHOCTH, KOTOPOe Mbl IIPHHHMaeM, Xa- 
pakTepv3yeTcA BeKTOpaMu 


N N N 
Ke Die Viger ae UE. ». Dalen (2) 
s=1 sS=1 St 


PaccmaTpuBaeTca HaxoKeHHe viaHa B YCJIOBHAX: 
1) SatpaTbl poOv3BOACTBeHHBIX (aKTOPOB OrpaHHueHbI BeKTOPOM 


—ZLy (Zo 0), 
Mp2 > =Z paces a pes le) ee n). (3) 


2) SarpaT MpoMexyTOUHbIX MpOfyKTOB B IlvlaHe B WeJIOM He IIpOH3BO-~ 
WUTCA 


dV > 0. (4) 


3) O6bem KOHeYHOH MposyKUMH C y4eTOM 3afaHHOTO acCOpTHMeHTa 
Xo (Xo >0) WocTuraeT MaKCHMy™Ma, T. @. 


DPX” > bXo, (5) 


rye k wMeeT MaKCHMaJIbHOe BO3MO%KHOe 3HayeHHe, 
Tian? annie ep) YAOBNeTBOpAIOMWMH ycnoBHaM 1)— 3), Hasbi- 
BaeTCcA ONTHMAJIbHBEIM. 
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Teopema. I7ycmb ebinonHeno Credyrowmee YCAoBUe: COOMHOWeHUA 
Sp AS 0, Sas SoZ Oe (6) 


iy =O, 1 0208 ONMUMAAbHOL = NAQH 


BO3MOICHDL MOALKO Npu p,=. 


P= OP Pero 6: Pn) cylujecmeyem u emy omeevaem makaA Cucmema mMHOoCUMe- 
neti (OUeHOK) ONA ECeXx ee ae i npouseodcmeenHlx qbakmopoe 
BS (ote, | Sal Sots = (Cy...25 sas ey eee 
4mo 


(B,X°) 4, VON SE eee 


= Sent + Sy! + Sta? <0 ($= 1 ee); (Om 


j=1 k=1 


(3, oe ¥) 4 (Z, Z) =0, ecau p,>0. (8) 


Hao6opom, ecau Oaa HeKomopoeo naaHa P, yOoeremeopsrolleeo YCADBUAM 


Z=—Z,, Y=0, X =kXo, umeromcsa mNowumMenu maKue, “MO 6bINOAKEHOL 
ycaoeun (7), (8), Mo amom naan ONMUMAALHOLU (eCAU BoLNOAHEHOL OONee CAQ- 


6vle ycnosua Z>>—Zy, X >kXj, Y>0, mo ckazaHHoe eepHo, ecau daa 
KOMNOHeHM, OAA KOMOPOLX UMeemM mMeCMO 3HAK Hepasencmsa, coomsemcms3yio- 
WUC MHOICUMEAU PABHol HYAI0). 


TokasatembcTBo. I[lonoKxum supk=ky (Ron Xoo). na ky Ro, 
(a 7) (v) (v) 7(s) 
k,<k, waligytca Takue mani P™” = (p.",..., Py), 4TO SC. Annee 
(vy) y(s ( (s) 
¥p” Vie + 2. ah eee 
Ilyers >} | p™ |=). Hesposmoxno, uTo6p lims,= + oo. B mpoTnBHom 
clyuae, Nepexoya K YaCTHYHOH MOC/eAOBATebHOCTH, NOYaHIA Ob! o> p™ —> p. 


MU ja mana P gel Peet Py) » DEVO > pe OF » px >i 
Day. = 1, uTo nporupopeyutT ycoBuio. Vrax, o) orpanMyenbl; acHO Torga, 
qrou ky = sup k = . oo. [lepexoaa k yacTHYHOH MOCMeAOBaTeJIbHOCTH, MOXKeM 
cunTaTb, uTo limp =p; rorga > p,Z° > —Z,, »'p, eae > pa oe 
pie Te Cs Mlau P (Page a Pw ONTHMaJIbHbIN. 

Jlanee paccmotpHm B (/-+m-n)-mepHoMm mpocrpaHcTrBe MHoxKecTBO K 
BekTopon U =(X, Y, Z), OTBeuatoulMX BCeM JOMYCTHMBIM TviaHamM. K npey- 
CTaBJIAeT MHOTorpaHHblit BbIMyKsbIi KOHyc. Touka (X, Y, Z), orseuatoulad 
ONTHMa/IbHOMY IvlaHy, JI@2KHT Ha ero TpaHHue, TaK KaK NOMO*KUTebHbIM 
THMepOKTaHT MpocTpaHcTBa, TpaNcnOHHpOBaHHbIt B ToUKy (X, Y, Z), He co- 
ep»xXHT BHYTPpeHHHX TOUeK KOHyca. 

PaccmoTpHM rumepnuocKkocTh H, Le eee 9TOT THMepOKTaHT HU 
KoHyc K. Ona wmeer ypasBHenve Bua (3, X)+(|H|, Y)+(Z, Z)=0. 
KosdpHuveHTbl STOO ypaBHeHus — HEOTPHLaTeNbHble UNCvIa £;, Hj, Ce — HM OYAYT 
TpeOyeMbIMH MHOMKUTe/IIMH. Tak Kak j\JIs| BCeX CHOCOGOB cooTBeTCTBYIONNe 
BEKTOPbI IPHHafviexKaT KOHYCY, TO 3TH BeEKTOPI JeKAT 10 OFHYy CTOPOHy 
ot H, tae. (2, Xe (Hl, YO ae <0. 

Fanee umeem > p,[(E, X) + (H|, ¥®) + (Z, Z©)]=(8, X)+((H, Y)+ 
-+(Z, Z)<0, orkyna geno, aro (2, X°)\ ey eee Z®) =0 mpu 
p, > 0. Hocnequee yrBepxjeHwe TeOpeMb! IpoBepsetca Ges Tpyya. 


Sameuaunue |. Yenosue, nocraBmeHHoe B TEOPeME, ABJIACTCA ECTECTBCH- 


HbIM. IJMeHHO, ecJIM Obl jWid Mada, yOBNeTBOpstomlero (6), OKa3aviocb 
442, 


DD: >On [X|+]/Y|/+]Z|>0, ro so osnayano 6b1, uTO HeKOTOpEIe 


BUJbI MpOAyKTOB WIM PakTOPOB MOryT GbITb. IpOusBeeHbI 6e3 3aTpaT. Oue- 
BHHO, CHK OJDKHbI Obi ObITb UCKJIOYeHbI 3 paccMoTpeHuA. EcaM xe 
>, p,>0 uxX=0, Y=0,Z=0, To o_nH u3 BUAOB NposykunH uM (akTOpOB 
MOKeT ObITb BbIPAKeH Yepes pyrnue. 

SamMeuaunue 2. YcnoBun, onpesemniollve OnTHMabHbI nian, MoryT 
ObITb B3ATbI M BMHOM Bue. Hanpumep, MoxHO NoTpeGoBaTb, YTOObI OObEM TIpO- 
W3BOJCTBa HEKOTOPbIX TIpOAYKTOB Obl 3a*pHuKCHpPOBaH B 3afaHuH, MOO cocTaB 
M OObeM NIPOAyKUMH MoryT ObITb NOMHOCTbIO 3afaHbl, a TpeOyeTCA NOMYUHTb 
MMHAMYM 3aTpaT BCeX HIM oMpeflevyeHHoro Bula. 

IIpupeyenuble paccyXJeHHA pacnpucTpaHAloTcA Ha Bce MofoOuble cyuau. 
Jina cyulecTBOBaHHA Taha BaXKHa TOJbKO KOMNAKTHOCTb MHO?KeCTBA TWaHOB, 
YMOBJETBOPAIOWNX MOCTaBJICHHbIM OFpaHHYeHUsM, a JIA HasMYHA MHOKHTe- 
JeH — uToObl CocTOAHHe ObLIO SKCTPeMaJbHBIM (HMeJICA HCXOAAUIMH M3 UMCKO- 
MOH TOUKH JIy4, 3aBeOMO He TIPHHaVexKalluH BHYTPeHHOCTH MHOxecTBAa K). 

OTMeTUM ele, YTO ECM HAKAKMX MpeABapWTesbHbIX YCOBMH He CTAaBHTCA, 
a JlaH HEKOTOPDbI MylaH yCviOBHO ONTHMAJIbHbIH, B TOM CMbICJIe, YTO HEBO3MOXKHO 
HM3MCHeHHE e€FO, TPH KOTOPOM Obl OCObEMbI MPOHSBOACTBa TO BCEM BHaM Mpo- 
HYKTOB YBeJIHUHJIHCb, a BCe BUAbI 3aTpaT MPOHWSBOACTBEHHbIX (PAaKTOPOB YMeHb- 
IWMIMCb, TO AIA TaKOrO Maha HMeIOTCA MHOMKUTEMH YKa3aHHOro B TeopeMe BU Aa. 

Sameuaune 3. B TOM yacTHOM CJIyyae, KOrfa MpOMexyTOUHbIe Mmpo- 
HYKTbI OTCYTCTBYIOT, 4B KaxkoM cnocobe PurypupyeT TOKO OAM BHA Npo- 
AyKTa (HOO TOMbKO OHH BUA NpOHSBOACTBEHHbIX (hakTOpoB), AIA XapakTepH- 
CTHKH MlaHa AOCTaTOUHO BBECTH OLEHKH TOJbKO AIA MpOAYKTOB (HJM, COOTBeT- 
CTBEHHO, TOJbKO JIA CPakTOpos). 

Sameuaune 4. Pesynbratbl paccmotpenus 3aqaa A, B, CB pa6ore (1) 
IpefcTaBsAoT cMeWCTBHA JaHHOH TeopemMbl. UacTHbIM cuyyal STO TeOpemB, 
Cc Ooee CTECHHTEbHBIMM YCJIOBHAMH (MOfeb JleoHTbeBa), HMeeTCA B (?). 

na asdeKTHBHOrO pelueHHA 3alay O NOCTPOeHHH ONTHMAJIbHOrO Maha MOryT 
ObITb HCNOJIb3OBaHbI Pa3JIHNHbIe MeTOJbI, OCHOBAHHbIe Ha MPHMCHEHHU «paspe- 
IWalOWNX MHOMKUTEMeH», WarOlulNX XapaKTePUCTHKY MAKCHMaJIbHOrO Wana. 

Tlpexme Bcero, ecu MMeeTCH HEKOTOPBHIH Mah, YAOBJIETBOPAIOWMH YCOBUAM 
(3), (4), (5), TO,YTOObI YOeAUTLCA B CFO SKCTPeEMAJIbHOCTH, OCTATOUHO NPOBepuTh 
BO3MO2KHOCTb OMNPeeJIEHHA MHOMKUTeNeH U3 yCOBHH (8), YTOOb! TIpu 9TOM GbiIM 
yRoBmeTBopeHb! (7) YCNOBUA PaBeHCTBa HYJIIO HeKOTOPbIX H3 MHOKUTEeWeH. 
Ec Takoro Mulana 3apanee He JaHo, JIA OMHOBPeMeHHOrO HaxO*KeHUA ONTH- 
MaJIbHOrO [vlaHa HW CHCTeMbI MHOXKUTeENeH MO%KeT ObITb NPHMCHEHO HeCKOJIbKO 
TipolleccoB MoceOBAaTeIbHBIX MNpHO/M*KeHHH: 

1) Tlocneqopatenbuoe ynyumenue miaHa. Mcxoa 43 HeKOTOpOrO TlaHa, yo- 
BleTBOpsioulero ycsoBuaM (3), (4), (5), OMpeMeAeM MHOXKUTeIN H3 yCOBHH 
(8); ecau ycoBua (7) OKa3bIBalOTCA HEBbINOJIHCHHbIMU, OOHAPY2KUBAaeTCA CmOCcOoO, 
IIPHCOeAMHEHHE KOTOPOrO NosBoMHeT MOBbICHTb 3HayeHnHe k ((*,*) u (°),ra. I, §7). 

Vuaue ropops, k TouKe (X, Y, Z) mpvOnMxaemca NocTeneHHO u3HYTPH 
KoHyca. CxoHbii mpouecc, HO 6€3 HCNOMb3OBAHUA PaspeluaoulMxX MHOKUTeNeH, 
UCHOIb3YeTCA B TAK HaSbIBAeMOM CuMnuieKc-MeToge JJanuura (°) B JMHeEHHOM Tpo- 
rpamMMuporaHun. 

2) Tipu6nvxKenne ycOBHO-ONTHMaJbHBIMM MlaHaMu. SajaBuincb HeKOTOPpOlt 
CHCTeMOM MHOXKUTeNeH, BbIOHPaeM B COOTBeETCTBHH C (7) H (8) CnocoOHI, BKsI04ae- 
MBI€ B IIa, H CTPOMM ero c yyeTom (3), (4). 3aTeM BUJON3MCHACM MHOKUTEJIN, T0- 
CI€MOBATebHO HOBbIUAad 3sHaueHHe Ak (ABH2KeHHE NO NOBEPXHOCTH KOHYCa; CM. 
(1) w (°), ra. I, § 6). YcopepmencTBOBaHNeM STOO TIpveMa ABJAeTCH asropudm 
MeTOAa Kpalinett ToUKH (’). . : 

3) I]pu61uxKeHve kK CHCTeEMe MHOXKUTEeMeH, a TAKE K MIaHy C BBeeHHeM JIBy- 
CTOPOHHUX TpaHH Jin sHayenni mHomuTeNe (cm. (°), ra. I, § 8). 

Tlepeuncnennpie MeTOAbI HaXO*KeCHAA MwlaHa C MPHMeHeHHeM «paspemaroulUx 
MHOKUTeeH» (OLHOK) OKA3bIBAIOTCA S*PPCKTHBHHIMH axKe B BECbMA CJIOKHBIX 
cnyuaax. Tlomumo o6merueHusl HaAXO*KACHUA ONTHMAMbHOFO Maha, UCHOb30- 
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BaHHe MHOXKUTEMEM NOSBO/IAET PelllaTb pA APyrHxX BOMPOCOB: KOppeKTHPoOBKa IlaHa 
IPH H3MCHeHMM YCJIOBHH, OLleHKa WeecooOpa3HOCTH MCMO/Ib80BaHHA CNocoboB, He 
YUTCHHBIX IPH COCTABJICHHH IWiaHa, HT. M1. 

C noMoulbio 3afauH, paccMoTpeHHOH BbIlle, MOxKeT ObITh MpoaHaJH3Hpo- 
BaHa HM Oovlee COMKHAA 3afaua, KOra WwiaH paccMaTpHBaeTcA He AA OAHOFO, 
a Ji psaya MomeHToB BpemeHH ¢ = 1, 2,...,7. PaccmatpuBax Ka>KAbI Buy 
MpOAYKUMM M (aKTOPOB B pa3Hble MOMEHTbI Kak CaMOCTOATEJIbHbIA BU Mpo- 
AYKUUM UK (akTOpOB, TexXHOsIOrHYeCKHe CNOCOObI =; XapakTepH3yemM y2Ke MO0- 
cpeactBom tpex matpuu: X = || x49) jj; YO = ly} |); 2° = || ze) |@=1,2,... 
waeplt Pel, 2... hal, 2,2 Sy ee eee 

TloHATHe KOMTHMAJIbHbIM TaH» MOXKHO 3]eCb BBECTH Pa3JIMYHbIMH CIIOCO- 
6aMH, HalipuMep, noTpe6oBaTb, uTOOb! NpoxyKuHA Bcerfa Oblla He HWKe 
3ajlaHHOH, a ee cpefHee NO BPpeMeHH HMeJIO JaHHbIM COCTaB H MaKCHMaJIbHOe 
BO3MOxKHOe sHaueHve. Mbi He G6yJ[eM OCTaHaBJIMBaTbCA Ha KaKOM-JIHOO U3 
NOMOGHHIX YCJIOBHH, a OFpaHHUHMCHA XapaKTePpHCTHKOM yCJIOBHO-ONTHMaJIbHOrO 
liiaHa (cp. 3ameyaHue 3). Ha ocHoBaHHuH jOKa3aHHOH TeOpeMb! 3akJIIOUaeM, 
YTO K@KJOMY YCJIOBHO-ONTHMaJIbHOMY TiaHy OyyT OTBeYaTb MATPHIlbI MHO- 
yuTeneH B= [iE ¢ ||, |H| = ll yee (|; Z =|] Cre 1, Tak uTo BbINOHeHBI yCOBHA, 
noyo6ubie (7), (8). EcrecrBeHHO 9TH MHOKHTeJIH (OWUCHKH) HOPMHPOBAaTb. 
Hanpumep, nomaraa &,4 = Me8;,2,..., MOXKEM JOOHTDCA BbITIONHeHUA ycOBHA 


> te= 1 (t=1,2,..., 7), 7. e. 3TOObI HaSop KOHEYHOH Mpox_yKUHH uMeN 


oueHky 1. OgHako Torga ycnospusa (7) u (8) UpumMyT ye HHO BH], Hallpu- 
Mep (7) 3aMeHHTCA Ha 


ye (2 xl + Sajayye + Dy Zh) <0, (7’) 
t i j k 


T. €. PH OMWeCHKE NPOH3SBOJICTBEHHBIX Cmoco60B NPOAYKUHNA HW 3a4TPaThbl, MPOW3BOTH- 
MbI€ B Pa3JIHUHbIe MOMCHTHI, AOJIAKHbI ObITb NpHBeeHbl KOXHOMY MOMeHTY C T0- 


MOLIbIO MHOxKUTeNeH Ay. Benwunnpl Ay (mpaBHstbHee A;') npeacTaBAsoT OOULYy!0 
XapaKTepucTHKy pocTa MposyKUHH CO BpeMeHeM VIA JaHHoro nyiaHa. Ilomumo 
HarAQHOrO 9KOHOMHYECKOLO CMbICJa, HX BbIJeICHHe BECbMa MOJIe3HO MIpH pasbic- 
KaHHM ONTHMabHOro MviaHa. MMenHo, WemecooOpa3Ho MpHMeHATh CeRyiouMi 
Tpowecc NOCMeLOBATeIbHBIX NPHOMMAKEHUM. SalaBuinCb HEKOTOPbIMH CnocobaMhH, 
3aTParuBalollHMH PA, MOMEHTOB, ONpeAeHTb 3aTeM OLCHKH AVIA KaxKOrO MO- 
MeHTa, HCXOAA W3 NOMYYeHHBIX 3afaHHH MO cocTaBy MpodyKuMH M 3aTpar, 
YUUTHIBAA TPH ITOM CNOCOOHI, BKJIIOUAIOUINE TOJbKO 9JIEMEHTbI AHHOrO MOMeHTA. 
SaTeM Ha OCHOBAHHH MOJIYYCHHbIX OWEHOK HaHTH )y WH OLEHHTb CHOCOOHI, BKJITO- 
yalOUlHe PaSHOBpPeMeHHbIe 2uleMeHTbI. Mcnomb3syAh HeKOTOpHIe HW3 HUX, Yyuy4- 
IWHTb WiaH WT. J. 


JlenuurpancKoe oTenenue Tloctynuso 
Marematuyeckoro nHcTuTyTa um. B. A. Creknopa 4 III 1957 
AxkajlemMuu HaykK CCCP 
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u3BorcrBa, JI., 1939. ? Ga le)Math Scarrd), 37.2, (1955)s" 2 Vie Bakealuero pOBH4U- 
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Floxnaann AkawemMun nayxk CCCP 
1957. Tom 115, Ne 3 


MATEMATHKA 


A. ®. JIABPHK 


O HPEXCTABJIEHHM YMCEJI .B BAAE CYMMbI MPOCTOrO UHCJIA 
WM CTEMEHW SAXAHHOLO WEJIOFO YHCJIA 


(ITpedcmaeaexno axademuxom H. M. Buxoepadoesim 7 III 1957) 


§ 1. Hacrosujan pa6oTra mocBsmena u3yyueHuio [Bompoca Oo 4HCe mpey- 
CTaBJIeHHH HaTypasbHBIX 4HCeN nN B BULe 


n=p+ai, 
rye p—Upoctoe wucs0; a > 2— aHHoe yenoe uucno; i >O Wenoe. 
Teopema 1. Buxmepeane (0, x) codepacumca 6bonee ae 4uucen, npedo- 


CMABUMbLX COHUM U MONoKO OOHUM CnocoboM 6 Bude CYMMbL Npocmoeo 4UuCcAAa 
U CMeNeHU 3BAOAHHO2O YeNO2O YUCAA A>), 20e %— AOCOMOMHAA NnoAogtu- 
menbHan KONCMaHMa. 

Bes orpaHHueHHaA Ha YMCJIO a CiipaBeyIHBa Teopema 2. 

Teopema 2. Cywecmeyem maxkoe nocmosHHoe 4ucao k, Ne saeucsuiyee orm 
XU a, 4mo 4ucno 4ucea N<KX, OAA KOMOpeLX ypaeneHue n= p-+ai', ede 
p—npocmoe, a> 2—s3adanHoe yenoe 4ucao, i>O yeroe, umeem 1,2,...,R 


xX 
jee 20e 1 > 0 — nocmosxHuan. 
Teopemp: 1 u 2 yrounsor u3BecTHble pesybTatb! H. Il. Pomanosa ('), 
3. Jlangay(?) uw MonyyatoTca 43 GOosee OCeH TeEOpeMBI. 


Teopema 3. /Iycmb Y(n, x) —4ucaro pewenut ypaeHenuan 


pewenuti, 6yOem Ooaree 


n=p-+ a’, 
20e p<x—npocmoe «4ucno, a>2—s3adanHoe yenoe 4ucno, i >O0 yYenoe, 
aix x. Jlanee, Fm(x)—4ucno 4ucea n<2x, Ova KomMopux P(n, x) =m, 
m>0— uyenoe; k — ar60e HewemHoe noaozcumeroHoe 4ucao. Iloaostum ewe 
D,, (x) = Fy (x) +--+ ++ Fa (%). 
Toeda 


kiga Ig x 


> EEiplga 


20€ C1, Co — nonow#cumenbHole AOcoAromHele KOHCMAHKMOlL. 
HameruM MlyTb JloKa3aTesibcTBa Teopembl 3. Hmeem 


ARX ( __ lige lg 2a Co ) 


k Chis Das 
> mFan()= Yea yn— Dy v(a,%. (1) 
We a eS 


Jlanee, 3aMeuaeM, 4TO BbIUHTaeMoe B paBeucTBe (1) HE NpeBocxO,UT 


2x iol ; 
Dd 9 (2, x) [9 (t,x) — A+ Qs mem) Fr (2). (2) 
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V3 (1) u (2) caenyer 


max {m(k—m-+ 1)} ®p (x) > 24 (n, x) [e+ 10 (a, a) (3) 


1<m<hk n=1 


ul 
Tenepb Bocriomb3syemca ToxjecTBom H. IJ. Pomaunosa (1) 


Dd ¥ (a, x) = Deon 3 As rsa) Ast x); (4) 


re A,(n, x) u A,(n, x) —cooTBeTCTBeHHO YHCJIO pelleHHit ypaBHeHHH: 


Pi— Pj =N, Pi, P7 SX — Mpoctple wWica; 
a—a=n, at,a<x, u,t>0—Tenpie uncua. 


V3 (3) u (4) nomyyaem 


x 


Dz (x) > ep S ) (n, x) — pep A (a Ly Aa tise (5) 
HerpyfHo BuyeTb, 4TO 
D) 9 (n, x) = = (x) V(X), (6) 


rye «(x)—  4ncno MpocTeix yncen <x; N(x) —uncno uucen ai x 
Ha ocnopanuu ucciieqopaHuuw Burro Bpyua, JI. I. Ulnupenpmana (?), 
H. Il. Pomanoga ('), 9. Jlangay 


g 2a 


3A, (n, x) Ay (n, x) < cx ee ==, (7) 


n=1 


rye c > 0— a6comoTHaa NocTrosHHag. 

CoeqvHad oueHKH (5)—(7), Tomyuaem Teopemy 3. 

§ 2. JlonomHenvem kK Teopemam | uw 2 aBusioTCA cCuefyoulHe ABa Upel- 
JIOMKEHH A. 

Teopema 4. Cytwecmeyem 6ecuucreHHoe mMHOoKeCM6O 4UCeA N, OAA KO- 
mopolx (6 COcsHaXeHUAX meopemol 3) NPU X—> co UMeemM 
' O(n, x) > dlglga, 


eee a 


20e 6 >0— nekomopan nocmosnnan. ag a 

Teopema 5. Ecau (x) — aw6an noaoocumeaonan dyxKkuyus, 'Me02 PAHU- 
4eHHO 6ospacmatlwan npu x—>oo, u M (x)—4ucao 4yucen n<x, OnA Ko- 
mopolx 


} (2, x) > 7 (x), 
NEV =O a 


TauikentTcKH rocyqapcTBeHHbIit mMelarormueckuii MHCTHTYT Ilocrynuno 
um. Husamu 4 III 1957 


WMTHPOBAHHAS JIMTEPATYPA 
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Par acc hvarne Ji, London. Math. Soc., 29, Ne 3 (1954). 
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Tornagnn Arkanemun Hayk CCCP 
1957. Tom 115, Ni 3 


MATEMATHKA 


O. Bb. JIBJKOBA 


O NOBEXEHHM PEWEHHM CHCTEMbI JMO®EPEHLMAJIbHbIX 
YPABHEHMM B OKPECTHOCTH H30J1MPOBAHHOLO CTATHYECKOLO 
p PEWMIEHUS 


(ITpedcmaeazeno akademuxom H. H. Boeoarn6oevm 25 II 1957) 
PaccMOTpuM cucTemy qudpepeniuaNbHblxX ypaBHeHult 
dx * 
Ap) EN. (CaS) S (1) 
rye €— MaJIbIM MOJIOKUTeIbHbIM Napamerp. 
Chenaem cnenyroulve npeqnonoxKeHHua: 
a) CucTeMa HeBOSMYIICHHbIX ypaBHeHuit 
dx 
7) (2) 


HMCeCT HSOJIHPOBAHHOe CTATHUCCKOE PeIIEHHE, COOTBETCTBYIOINLee TOUKE PaBHO- 
BeCHA 


x=0, X(0)=0 (X%(0)0). (3) 
6) @yHKunu X (x) + eX*(t, x, ¢) B OOnacTH 
—= Oye bso, CO | Ole <<“, (4) 


rye Us, — 5 -OKpecTHOCTh TOUKH x =O, ABMAIOTCA NepHoquyecKMMH Ho ¢t c 
TlepHoyom 2x uM OOsMaaloT OrpaHHUYeHHbIMH HW PaBHOMePHO HeMpepbiIBHbIMH 
TIPOH3BOAHBIMH M10 xX, © JOOOro NopsyKa. 

B) Jliax ypaBHeHHi B BapHallvaAx 


ds , Q 
— = X', (0) dx, (5) 


COOTBETCTBYIOULMX CTaTHYeCKOMYy pelleHHio (3), XapakTepHcTHyecKoe ypaB- 
HeHHe 


|Jnaz—Al=0 (A=X;,(0)) (6) 
HMeeT apy YHCTO MHMMEIX KOpHeH (Z; = iw, Z = — im), a OCTAJIbHbIe KOPHH 
(Z3,--+,2n) HMeIOT OTPHMAaTeJbHbIe eHCTBUTEJbHbIe WACTH. 


IIpu sTux mpeqnooxKeHHAX MOXKHO OKa3saTb, 4TO cHcTeMa (1) uMeeT 
€JHHCTBEHHOe JIOKaJIbHOe WHTerpabHoe MHOrooOpasve, MapamMeTpHyecKkoe 
IIpeACTaBJIeHHe KOTOPOFO 3aBHCHT OT ABYX MPOM3BOJIbHBIX TOCTOAHHbIX, K KO- 
TOpoMy C TeYeHHeM BPemMeHH OyyT CTpeMUTbCA JOObIe pPellleHHA, HayaJIbHbIe 
3HAYCHHA KOTOPbIX HaXOMATCA JOCTaTOUHO OJIM3KO K yKa3aHHOMy HMHTerpaJb- 
HOMY MHoroodpa3Hio. 

Sanuuiem cuctemy (1) B Buye 


Bt = X'p(0) ¥ + {X (x) + eX" (1, 8)}, (7) 


rye X (x) HauMHaeTca ¢ YWeHOB BTOPOrO MOpAAKa OTHOCHTEIbHO x HM, CeqO- 
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BaT@JIbHO, HaliqyTca TakxKe C u 6), YTO MIpH 'y)<(8) 6yeT HMETb MeCCTO Sf 
HepaBeHCTBO 


|X (x)| <Cx® (8) <9). (8) §) 
Kak u3BecTHO, O6tlee pellieHHve CHCTeMbl ypaBHeHHu (5) uMeeT BHA | 
dx = C,Aeiot + C,Be—'t +- Dh, 


rye C,, C.— IpousBosbHbIe MocToAHHBIe (C,, C; — KOMMseKCHO-COMpsA>KeHHBIe); 


A, B —nocrosHupe BeKToppl; D — nocTrosHHad MaTpuHlla; A ABAAeTCA JHHeH- 
Holl KOMOMHallHeH U3 MpOH3BeseHHH MOsJMHOMOB Ha 3aTyXalollve SKCIHOHeH- 
Tb, Cofep»KalleH n —2 MpOH3BOJIbHbIX MOCTOAHHEIX. 


Copepmlaxd B CcHcTemMe (7) 3aMeHy NepeMeHHbIX 


x= At-+ Be + Dh, (9) | 
mlosyYHM 
% = jot + P(t, 8, 8°, A, 8), 
o" = —iot +Q(,8 8, Ae), (10) 


dat = Hh+ Rit, cs ae h, ele 


rye H — xpajpaTHand MaTpuia (n — 2)-ro NopayqKa, AA KOTOpOH ypaBHeHue 


ld aoe SHO 


MMeeT BC€ KOPHH C OTPHIWAaTeJIbHbIMH BeLLCCTBCHHbIMH YWaCTAMH. 


IIpH 9TOM MOXKHO yKa3aTb TaKOe ( (o <a eee uTO JIA 


JOObIX El Sey [e* vars [hist 6yneT |x| <(d, udbyuKunH P(E, &, &*, h,'s), 
Q(t, §, &°, #, 2), R(E bs ts) Ulm ae 0 a oonacr 


—c<t<oo, |El<p, [F|<p, |Al<p, O<e<e, (11) 


CTpeMATCA K HysO pH e—>0, p?->0 (p<). 

Ilocne 9Toro AAA OCHOBHOTO ypaBHeHHa (1) MoxemM ciopMyJIHpOBaTb 
culeqyrouly!o TeopeMy. 

Teopema. J]ycmb Ona cucmemol ypaeHenuti (1) é6olnoaHAtOmMCA YCAO- 


euf a), 6), B). Toeda mootHo yKasamb noAoszcumeArbHole uucAa ss’, 64, 0; 


(& ee p< Tapa makue, 4mo npu Arwbom nonaozcumMeAbHOM E<e’, 
8<(6,, p<(p, 6yOym cnpasedausol CAedyoUUe ymMeepocdeNUA: 
1. Ypaenenue (1) umeem edurcmeennoe OBYMepHoe AOKAABHOe* UHMeepaAo- 


Hoe mHOzoobpasue M;, nencatyee 6 o6nzacmu Us, 20e o,=0,{\A| + |B) + |D]}. 


2. Ha AOKAAbHOM UHMeepanacbHOM MHOzooOpa3suu yYypaébneHue (1) aKeuea- 
AeHmHO Cucmeme 


dé, mye 
ar = Woe + Pill, a8 Er, e), 

12 
dé, ch: / . , | 
OR ry (t. Er, a) 


* Byfem HasblBaTb Wt, MOKaMbHbIM HHTerpaJIbHbIM MHOrOOOpasHeM, eCJIH H3 COOTHOMeHHA 
* * 
X (Lo, Eo, Ge) EM, |8o1< er | & |< 1, cmpapequusoro B Moment ¢ = fy, cnenyer 
* . n 
x(t, Gy, &, ©) @ My, Ama smo6oro ¢ o Tex nop, noxa§ | Go| <ten, |] Ee | < 9. 
448 


* ao 

2de yxnkyuu Py (t, &, &, ©), Qi (t, &, &, ©) onpedenenni 6 o6nacmu (11), o62a- 
OaH0M O2PAHUYLeHHOLMU LU PABHOMEPHO Hen pepvoleHblMU NpPOUSeOOHOLMLL, ABASIOMCA 
nepuoduveckumu no t c nepuodom 2Qz. 


3. JloKaneHoe unMeepanrbHoe mHoeoobpasue IM, Oonyckaem napamempu- 
uecKoe NpedcmasreHue euda 


x* (t) = At +Be + Dh = F (t, &, €, 8), (13) 
2de F (t, &, &, ©) onpederena @ o62acmu 


—o<i<o, [Rl<p, jl<p, O<e<e’, (14) 


umMeeM O2PAHUYEHHOIE U PABHOMEPHO HenpepoleHole npouseocdnwle no &, &, ¢ 
Ato6020 nops0Ka u ob2zadaem nepucdom 2% omHocumerono t. 
4, JloKaAbHoe UNMeeparbHoe MHOZOOHpasue nNpumsaeueaem K cebe (OO mex 
e = 
nop, noka |&|< py, |&|<Ce1) zmbole pewenua cucmemot (1) x(t), Hax4anonole 
SHAYeHUA KOMOPLLX NpuHadAencam Us, m. e. umeriom mecmo Hepaeencmea 


[AAt) ee) PR Cu(e,. 88) 6. ae (15) 
dé ee bese 
a Se ei ath PPR Te) RR OPS (ek) ee ae) 
* 16 
is (16) 


—— + deat, — 0Qu (t, &, Fs &) | < Co (2, 8) et), 


PaccMOTpHM 4acTHbIi cayyal cucrempt (1), korga X (x)= Px, rye 
P = || Pjr || — MocTosHHaA MaTpuua n-ro NopsAyKa, T. e. OyfeM paccmaTpu- 
BaTb CHCTeMy 


dx F 
Fj = Px + 8X" (t, x, 8), (17) 
rye ¢€— MaJIbIM NOJIOKHTebHLIH TapamMerp; X*“ —/-MepHbIM BeKTOP eBKJIH- 
qoBa mpocrpancrsa. IIpu stom X°* (t, x, ¢) ABAeTcA MepHoyuuecKOH dyHK- 
mueH ¢ C nepHofsom 2x, OONafatouleH OrpaHHYeHHbIMH HW paBHOMePHO  Hemlpe- 
PbIBHBIMH MpPOH3BOAHbIMH WiOOOrO NopsyKa B OGacTH 


—oo<ftii<ifoo,! O0<ed< ef [x[<(V,] N =Iconst. (18) 


€TlonoxuM, UTO XapakTepvcTHYeCKOe ypaBHeHHe JIA CHCTeMbI MepBoro MIpHu- 
6 mm>KeHua dx/dt = Ax umeeT apy 4YHMCTO MHHMbIX KOPHeH -+-/w, a OCTAJIbHbIe 
KOPHH 2s,...,Zn HM@IOT OTPHILaTeJIbHbIe BELICCTBCHHbIe 4aCcTH. 

TIpu BbinosHeHHH 3THX YCJIOBMH UMeeT MeCTO TeOpeMa, yCTaHaBMBaIONlasA, 
aHaJIOrHYHO MpesbI Lyle Teopeme, CYIeCTBOBAHHE H CMHCTBCHHOCTb HHTErpailb- 
Horo MHoroo6pa3Ha via cucTempl (17), K KOTOpOMy c TeYeHveM BpemMeHu OyAyT 
CTPeMUTbCA sIOGbIe pewleHHaA cucTeMb! (17). OHako, B OTIMUHe OT NpeAbIAyuen 
TeOPeMbI, HMeIOMIeH JOKaJIbHbIM XapakTep, B JaHHOM Cyly4ae 9TO CBOHCTBO IIpH- 
TAXKCHHA BbIMOIHACTCA y2Ke IA MHOObIX (KOHEYHBIX) 3HAUeHHH x (f). 


Vuctrutyt matemaTuku Tloctynuaio 
Akaylemuu Hayk YCCP 25 Il 1957 


WMTHPOBAHHAA JIMTEPATYPA 


1H. H. Boronw6os, WO. A. Mutponoabnceku i, Acumntotuyeckue MeTOBI 
B TCOPHH HeNHHeMMbIX KoeOaHHH, 1955. 7 O. B. Jin koa, Donosigi AH YPCP, MN 2 
(1957). 
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Jloxnaann Akagemun nayrx CCCP 
1957. Tom 115, Ne 3 


MATEMATHKA 


B. 1. MAXAMJIOB 


OB AHAJIATHYECKOM PEWIEHHH SAXAUN FYPCA 
JIA CHCTEMbI AH OOEPEHUMAJIDHbIX YPABHEHMH 


(IIpedcmaeneno axademuxom H. I. Hempoecxum 14 II 1957) 
B HaCTOALLeH 3aMeTKe paccMaTpHBaeTca CuleqyroulanA 3sajlaya: HaHTH aHa- 


JIMTHYeCKOe B HEKOTOPOH O6macTH |x|<C7ro, |t|/<Cro pemleHue uy (x, f),... 
...;Un(x, t) cucTeMbl WuddpepeHUHaJIbHbIX ypaBHeHH 


Fy (4; Uys ©, Way SOLON nee ON OL) me to ee (1) 
Takoe, 4TOOBI 
uj (x, t)|:, = 0, i=1,2,...,0, 1;—upamaa x= pit. (2) 
ECIH 0,220, te=aly 2, + sa5Jts SO, NOC RABE as = Fe oa st 
cal B (1) npu x =¢ =0, nomyuuM, Bcumy TOrO, TO Uj |p = Ou;/Ol; |) = 0, 
CHCTeMy YypaBHeHHH OTHOCHTenmbHO (Ou;/Ot)), i= 1, 2,...,N, KOTOPyIo B 


JlaJibHeHWemM OyeM CYHMTATb OMHOSHAUHO paspelINMOH. OTHOCHTebHO (pyHKUMH 
F; (x, t, Ur, OUx/Ox, Ou,/Ot) MpeaNonaraeTcaA aHaMTHUHOCTh B OONACTH |x|<Ro, 
[t|<. Ro, |Ui]<C Ro, | Ous/Ox — (Ou,/Ox)g|< Ro, | Ouj/Ot — (Ouj/Ot)o| << Ro, 
rye (Ou;/Ox)y) = (—1/p;) (Ou;/dt)>. 

AHalorMuHo = paccMaTpuBaeTca ciyyal, korga (yHKuuH uu; (x, ft), 
b= 1, 2,..,.2. SAlanbl| He Ta NpAMpea Vj0% =e 2 6 ie eae omoerce 
BOJIbHBIX AHAJHMTHYECKHX KPHBbIX, MpPOXOMAULHX Yepe3s HayaO KOOPAUHAT. 

Ora 3aava ABACTCA HEMOCpeCTBCHHbIM OGOOULeEHHeM 3aja4u, paccMOTpeH- 
HpIX 9. Typea (1), H. M. Tiontepom (?) a C. JI. Co6onepnim (?). 

1. Pasnmaran F,(x, t, Up, Oup/Ox, Ou,/Ot) B pag Telinopa no Ou,/dx u 
Ou,/Ot B OKpeCTHOCTH (OuUR/OxX)y H (OUp/Ot)o, COOTBETCTBEHHO, NOyYNM 


n 


Ou, <M Ou; Ou, 

at Di buy gy FO (Hb G7 Roe lao eee (3) 
Il bi; -| We dae afta ta | O®;, OP, 
W=lsa,a5[ fae) sacar |-zenan)—> © 


bi; WeHCTBUTeIbHBI. 
IIpeqnouoxKHM JI MpOCTOTH, YTO HHBapHaHTHble MHOXKUTeIM MaTPHUBI 
|| 0:;||— XE nepporo nopagKa; nycTb Ay,...,4,—KOPHU ypaBHeHna 


det (|| 6;; || — XE) = 0 (5) 


(oOmlHi cyyal MaTpuubl ||b;;|| He TpeOyeT cyulecTBeHHOrTO H3MeHeHUA Me- 
TOMA, MU BCE Pe3yJIbTaTbI STO 3aMeTKH MOMHOCTbIO TepeHocaTCA M Ha 9TOT 
cuyuan). Ilycrb S=||sjy|], det ||si{|/ 0, St=||s,;|], S2\b,||S=A= 
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A 60 


‘ *, ||. Pemenve saqauu (1)—(2) skBuBanenTHO peweHuIo B aHasUTH- 
r 

n 

HeCKUX CyHKWMAX u; (x, t), 9; (t), i=1, 2,...,n, cucTembl 


n 


uz(x, t) = Sijhj (% Ast) + 
re) 
t 


es Sy 3 Sj j9 “nO (x = (t ee 7) iv» v, Ur (x “te (t —t) es a og .) dt; (6) 


j=l i=. 


Sor Ce) oe 


j=1 


t 
ye s su2n\ Qype ie, a, abet cl eye a) 


j=1 Fan 
Mme y= Ay, + py, dy f= 1, 2s. 
2. Paccmorpum curyuan, Bo KOpHH hy,..+,4n YpaBHenua (5) jehcTBu- 


‘Tenbubl. Torga cnpapeqauBa csleqyiotlaa Teopema. 

Teopema 1. naa mozo umo6u pecyanpnaa 3adaua Typca (1)—(2) 
‘(onpedenenue pecyaapHocmu Oano Huse) umena eOUNCMeeNHOe peuleHue 6 
| KAacce aHaAumuuecKkux yAKyull, NeoOxodumo u Oocmamouno, umobel mouKa 
P= (Y1,-.-, Pn) @ N-mepHom npocmpancmee YeAocsolx KoOadpuYyUueHmos NpPAMOLX 
(2) ne neeana KU Ha OOHOLL U3 KOHe4HO2O 4UCAAa anzceOpauuecKux noé6epx- 
—HOCmet 


| Ai, >> n= 0; Fee) loner, le, mM >|, (8) 


Komopble nonnocmoro onpedeasromca 4uucaamu 6;;, i, j=1,2,...,N. 
Foka3ateabcerso. Paccmotpym cHayana cnyyah, Korgqa MD; He 3aBUCAT 
OT Up, Oup,/Ox, Ou,/Ot, R= 1, 2,...,n. Torga pemenve 3aqaun MpoBo_UTcaA 
HemocpeJCTBeHHO: Audiepenuupyem (7) m pas no ¢t, nonaraem ¢t =O, onpe- 
JelsemM W3 MOsyYeHHOM CHCTeMbI JIMHEHHBIX ypaBHeHul v0") (0) OAHOsHAaHO, 


eclH TOMbKO A, (wu) = det || si;A7j || 60. Mpu stom 


ain 


anes 


n n t 
49 (0) =) AP 9 DD sasej(Z)O/( )az)/dn, — ) 


rye AG” (u) — anreOpanyeckoe jononHeHve aiemeHTa Szjhsj B Am(p). Hycrb 
ol 
Am (vu) = y Ai ar Qin ees Miata) 
invik 


Tlocnie NpHBeyeHuA TORCOHEIX YeHOB (YIEHOB, Y KOTOPbIX MOJIYJIM BbI- 
8 m 
paxkennli (Aij,.--4i,j,) COBMaaroT) NoyaHM 


fieesdn m 
AFG) te Big. 5, (0) | Nave Net) 
ip tk 
B custy AevicTBUTebHOCTH }; he 4 (m) NpHHuMaeT JIMWb Ba 3Haye- 
HHA B 3aBHCHMOCTH OT YeTHOCTH M1. IGEN ecmu A, (t)=&0, Ay (1) =£0, 


TO upu Gompumx m>m, |Am(p)i>Cle(H)l", rae p(y) =min|ri;,.-. 
Rae ppm Os hi; = O. Sears ouepnyna 3aMena ycoBui A,, (¥) 0 ana 
= 0blt..2 vnalsyenosia (Ap (p) <0) upnene= 0" 1, ae, Mt, ig 251. 
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V3 (8) umeem 
on? M, cy 


| 2679 (0) | <3 ml = CM (rs (») I" ml, (10) 
e[e(u)|™ . 
rye s = maxjs,,|, o=max|9;; j) [AP < Mix? M = max|®, 
i, j rf cu 
R, = max (max | dij, + + Mays tana Natafaga s+ Sieh =\ @;()dt <a 
t,] 


Ouenka (10) qoKasbipaer aHauTHuHOcTh ),(t) gaa |ti<cr,(p). Ecau 


TIPOCTPaHCTBe | B3ATb 3aMKHyTy!0 OO.1acTb F, He cCOfepxatllyio TOYeK NO-ff 
BepxHoctell (8), H O6o03HaWUuTb fo = infry(¥)>>0, To B oOsacTu |t|<Toj 
€F 


b ; 
mp »€ F cyuectByioT avamutTuueckne ,(t), a 3HaUHT, H3 (6), H peweHne lf 
sagqauu Typca (1) — (2). Ilycrb Tenepp D, 3ABHCAT OT Up, OUR / OX, Oup | Ot. 
Bocnosb30BaBuHcb (4), erKO MOJYYMTb B Cuy4ae BoINOJIHeEHHA YCOBHH TeO- 
pempt | e(HHCTBEHHOCTb pelueHHA. 

Jaa WoKa3zaTebcTBa CXOJMMOCTH pAQOB Tefimopa aaa u; (x, t), i=l, 2,..., M,, 
MOXKHO BOCNOIb30BaTbCA METONOM MOCJeAOBATe.IbHBIX TIpv6sHxKeHHH. IlycTb 
WMS 0, £2, lege 1B HEKOTOPOH OrpaHH4eHHOH OOsacTH Go, 


n 


us”) (x, t) ~ S,, 20 (% + A,t) + 


n n t 
+3 5 cee ®,(..., UD (x +(E—D,, D),.-.) de; (11) 
J=1 k=1 0 ‘. 
na n t 
0= Sei Of + DD s,/% \® ( 2, UMD (ht —2,t, 2),...) de. (12) 
J=1 k=1 


O6o3HauHM Yepe3 G, (Go) O6macTb onpejeseHH sl ue (Syd) dee 
Sanauy (1) —(2) Has0Bem peryaapHot, ecnu G, (Go) D Go. | 
3 (11), (12), mpwuumMaa BO BHHMaHHe paccMOTpeHHbIi BbIIWe cyryyait, 
Kora ©; 3aBHCAT sIMUb OT x H t, cwefyer cyuleCTBOBaHHe BCeX 
uy(z, ty, an 2,..., M, m0. Ocraetca foKkagaTb, uro: 1) o6nacTH 
cxoqumoctu ul” i t) MOXHO BbIOpaTb He 3aBHCAILMMH OT m; 2) nocneso- 
BaTeJIbHbie MPHO/MKeCHHA HE BbIXOAAT H3 OOaCTH ONpeyeneHua ve 1 (% t, Ur, | 


Oun / Ox, Ou, /Ot); 3) cyuecTByloT paBHOMepuble upegenbr lim wu”) (x, t) = 


m-> coo 
Ep Ae). (=n) a eae mpu |£|<po, |x| <p. 

B oouleM cayyae JOKa3aTeIbCTBO STHX CBOHCTB OMHpaeTcA B OCHOBHOM 
Ha cCyJleyloulMe BCMOMOraTe/IbHbIe MpesoxennA: 1) ecmw AAA HeKoTOpoH 
TOUKH p? = (p?,..., 9) B MpocTpaHcTBe yrOBbIX KoappHUMeHTOB mps- 
MbIX (2) CyUleCTByeT e€(MHCTBEHHOe aHasMrMYecKoe peluleHHe 3ayaqn } ypca, 
TO 9TO CipaBe/iHBO H B MaOH OKpecTHOcTH vw; 2) MOxKHO HaliTu Takoe 
apdHHHOe mpeo6pasopanue (x,t), uTo sce »; MepexoqaT Bp, pi <0, 
Imil<e, ak, BX, 4 >0, <e, rae e>>0 npoussonbHo. 

PaccmoTtpum uacrHbii enyuali cucTembI (3), B KOTOpoM cBolicTBa 1) — 3) 
JeTKO OKasbiBaioTca. IlycTb p, = max |h,,|, 1<j<n, M myctTb: a) snemMeHT 
Si ahs, 1a MaTPHLUbl sii | eguucrBeHHbiit B i-crpoke co cBolicTBoM 
max] 1=Pp=1A, pb 0) i) Aid) mpa Ais; 8) 5.) 0, ecm 


heidi) =, Uyerh mpw m=1 neppoe npu6nmKenve pi) (t) Sine 
pret Itl<n; IPH BbIMOJIHCHHH CBOMCTB a), 6), B) cHcTema (12) nosBoaser 
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HaHTHYeCKH TpofowmKUTD v!) (t) B Kpyr M&aKCHMaJIbHO jJlonycTHMoro (pyHK- 
vim ®; payuyca, rye 3apaHee MOXKHO MpefnouaraTb BbINOJHeHHBIMU 
akHe oueHKu yan {? (t) u ut! (x, t), uT0 uy (x, t) He BLIXOAAT H3 O6nWacTH 
oupegemeHHa D;, uv T. YQ. IIpeqnonoxwenve perysapHocTH 3aauu, Kak M0- 
Ka3blBaeT IpHMep Mepe (°), cylecrTBeHHO. 

3. IlycTb HeCKObKO KOpHeli ypaBHenua (0) HegelicrpuTenbuE. Torya 
CUpaBeJIMBbl CvleqyloulMe Teopembt (yepes M o6o3HayeHO MHOKECTBO B 
n?-MepHOM MpoctpancTBe {0,;, i, j= 1, 2,..., n}, Ha KoTropom cpegu Im); 
€CTb He paBHLle Hyvito). 

Teopema 2. Ecau cpedu Kopneli ypaenenua (5) ecmo Hedeticmeumerv- 
Hole, MO OAA HeKOMOpPOeD BctodyY NAOMHO2o mHoocecmea @ M u noumu ecex 
(Pi,.++, »,) 6 N-MepHom npocmpancmee Yenosolx Koapuyuenmoe npAmolx (2) 
sadaua Typca ne umeent anaaumuueckoeo pewenus. 

Teopema 3. Ecau cpedu Kopueti ypaeneHua (5) ecmb nedeticmeumeso- 
Hole, mo OAA HNeKOMOPOeO BecroOyY NAaomHOeO mHOICecmea @ M cyiwecmeyem 
BCHOOY NAOMHOE MHOINCeCMBeO 3BHAUeHUL p(1y4,-.., w), O2A KOoMopelx sadaua 
T'ypca umeem eOuncmeeHHoe AHAAUMUUeCKOE pelucHue. 

B kKauecTBe mpocroro npHMepa paccMoTpHM cucTemMy ypaBHeHHH Kom — 
| PumaHa 

Ou / Ot = Ov /Ox, Ou/ Ox = —Odv/dt, 
a BMeECTO (2) 


u(x,t) Je ue = 91 (ts 00%, flee = 92 (8) 
OGulee pelleHve STOH CHCTeMbI 3aNMlWeTCA B BHJe 
| u(x, t) = —f,(x +it)—f.(x —it), u(x, t) = —if, (x4 it) + if, («— id), 
a jlma onpejenenua f, Nomyuum cucremy 


fi(t) + fe (pe —i)t/(p +i) = —o,(t/(» +0), 
fi (t) —fa((v — i) t/(9 +24) = ig, (t/(09 +2) 
WJ 
fe (t) + fe (€27? t) = ® (Zt), 
rye 
D (t) = — 9, (t / (» —t)) — ig, (t(» +i) / (9 +4) (»— 9d), 
erie — (y—i)(p +i) /(v+i)(p—i), O< p<. 


JiudepeHuupyaA 2TO COOTHOWeHHe m pa3 lo ft Mw Monaraa t=O, nowy- 
uum (1 + e??) f2% (0) = @” (0). MoxHo joKasaTb, TO ecm p=p/4q, 
(p, 9g) =1, p=1(mod2), g=0(mod2), To sTO ypaBHeHHe He HMeeT pe- 
weHua Jwia m=O(modq/2), a 3HauNT, He UMeeT pelleHHaA HM 3afayua 
Typca. To xe nowyuHM, eCJIH BMeCTO pallMOHaJIbHbIX Pp B3ATb «OCTaTOUHO 
61u3Kve» K HMM (4) TpaHcneHAcHTHBIe. Ecwm xe p — aireOpanyeckoe dMCI10 


MpOusBombHoro nopsyka N, ro aes ee (err) A (0) = O™ (0) 


FLO) ym 
HMeIOT peleHHA Jia Bcex m u f2(t)= y a cea w ft SBIIAeTCH aHamuTuye- 


ie 
ckoh dyHKuMehH. CneqoBatesbHO, 3ajaya ees UMeeT pellleHHe. 
MocxkosckHh focylapcTBeHHbIM YyHHBepCHTeT Tlocrynusto 
um. M. B. Jlomonocosa 13 Il 1957 


IUTHPOBAHHASA JIMUTEPATYPA 


1E,. Goursat, Lecons sur |’integration des équations aux dérivées partielles du se- 
cond ordre, 2, Note II, 1926. 2H. M. lwurep, Maren. cOopn., 32, 26 (1924). 3C. JI. 
Co6omaes, Matem. cOopH., 38, Ne3, 107 (1932). _* A. H. XuH4n 4a, Llenupie zpo6r, M., 
19493440° J. Meray, di Ricuier, Ann. de I’Ecole Norm., S. III, 7 (1890). 
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Jilokaann Anrayemun nayr CCCP 
1957. Tom 115, Ne 3 


B. Jl. POOKAECTBEHCKHA 


O CHCTEMAX KBA3HJIAHEMHbIX YPABHEHHH 


(ITpedcmaeaeno axademuxom M. B. Keadoiuuem 28 I] 1957) 


XapakTepHbIM CBOMCTBOM pellieHHH KBa3HJIMHeMHbIX ypaBHeHHH runepoouM 
yeCKOrO THNa ABIAeTCA OOPa3s0BaHHe Pa3pbIBa B PeLCHHH Jake MPH riayKHy, 
HauaJIbHbIX JaHHpix. B cBpa3u c 3THM AIA CHCTeM KBa3HJIMHEHHbIX ypaBHeHHi 
3anHCaHHbIx B (popMe (2), BBOAAT NOHATHE OOOGMEHHOrO WIM CNaOoro pelweHHse 
cuctTempl (',”). 

Mbt paccMaTpHBaeM 3feCb BOMpOcC O BO3MO2%KHOCTH TipeAcTaBJIeHHA MpoHs: 
BOJIbHOM CHCTeMbI KBa3HJIMHeHHbIX ypaBHeHHH (1)B Bue 3aKOHOB COXpaHeHHs 
(2). Iloqpo6Ho paccmaTpuBaetTca cyuah ypaBHeHHM rHApOAMHaMHKH, WIA KO-§ 
TOPOFO HAXOMATCA BCe BO3MOXKHbIe 3aKOHbI COxpaHeHuA. I]pu TOM OKa3bIBaeTCA } 
YTO UMCIO 3AKOHOB COXPaHeHHA OosIbIe YNCIa HEM3BeCTHHIX PyYHKUHNK. B cBa3y 
C 9THM MOXKHO YKa3aTb HECKOJIbKO OOOOMICHHBIX PeleHHH 3aqauH Kou aa 
ypaBHeHHH TrHAposMHaMHKH. 

PaccMoTpuM CHCTeMy KBa3HJIMHeCHHbIX ypaBHeHHH: 


du, Z Ou, ¥ 
eae ier ae (C= 1S 2) eee a) (1) 
j=1 


re KOsppuUHeHTH! a;;, b; ABJIAIOTCA AHANMTHUeCCKHMH PYHKIUMAMU MepeMeHHBIX 

uj, t, £. OTHOCHTebHO CuCcTeMbI (1) MbI MpewnosaraeM, YTO OHA ABAAeTCA runep- 

OoMYeCKOH B PaCCMaTPHBaeMOH OOaCTH H3MCHCHHA NepeMeHHbIX uj, t, 2. 
IIpeqnomoxuMm, uro cuctema (1) MoxeT 6bITb NpMBeseHa K BULLY 


Op; (u;, t, x) OY; (Pe) ; 
7 1 a (fee DT wea n). (2) 


Torga dynkunn u,(t,x), IpHHuMarolle 3aaHuble 3HayeHHA Ha HavabHolt} 
KPHBOH WH YAOBJETBOPHAIOMIMe HHTerpasibHbIM COOTHOIIeCHHAM 


G 9: (uj, t, x) dx — 4; (uj, t, x) dt = \\ Fi (uy, t, 2) dt ax (@=1,2, ..., n) Ce 


C G 


(rae C—1000H KOHTYp, orpaHuunMBalonyMi o6macTb G mepemenupix ft, x), Ha3BI- 
BalOT OOOOIWCHHHIM. peméeHHemM B3agaun Kowu ana coe 
Care: Miby (1)s 

OueBHHO, TO BO3MOX%KEH WM OOPaTHbIli Mepexox oT coorHoulenuli (3) K (2) 
eCIM TOKO uj(t, X) ABMAIOTCA riaqKuMH (byHKUMAMn. 

Onpefeneune 1. Ecau ypapnenue 


> 


0 (u,, t, x) Ov (u,, t, x) 
a Se =F up te 0) (4) 


ABJIACTCA CeMCTBUEM CUCTeMBI (1) AIA MPOVSBOMbHBIX rialKAX pemennit u(t,x) 
TO Mbl Ha30BeM erO 3AKOHOM COXpaHe HHA CuHCTeEMH (Il). 
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Onpefeneune 2. Ecnu cucrema (1) uMeer He MeHee n He3aBHCUMbIXx 
3aKOHOB COXpaHeHHA, TO Mbl HA3OBeEM ee KO HCE PBaATUBHO HM; B NPOTHB- 
HOM CJlyuae OyfeM HasbIBaTb cucTemy (1) HEKOHCeEPBAaATUBHO Ki. 

Onpegeneunne 38. Cucremy (1), Koropas uMeer poBHo n He3aBHCHMBbIXx 
3aKOHOB COXpaHeHHA, Mbl OyeM HaSbIBaTb KOHCE PBaTHBHO-3 aM K- 
Hy Tow. Cuctemy (1) MbI OyteM HasbBaTb BNOWHE HE KOHCEePBa- 
THBHOH B TOM CJlyYae, CCIM OHA He HMeeT HH OAHOFO 3aKOHa COXpaHeHHA. 

B jauubix onpesenennax curypupyeT NoHATHe HesaBHCHMOCTH 3aKOHOB 
coxpanenHa. Tloq sTHM MbI NospasyMeBaem, UTO ecm CicTeMma (1) uMeet K yuk 
BHI y(t; X) 5 P5(Uy, t;.X)5 08, 9, (U;, t, X), BXOMAWIMX B ypaBHeHHe (4), TO 3TH 
8aKOHbI COXpaneiusA (4) HasbIBaloTCd HE 3 ABUCHUMBIM 4H, CCIM MPH MOObIx 
UKCHPOBAHHbIX SHAYEHHAX TepeMeHHEIX f, X U3 PaccMaTpHBaemMol oGnacTH 
cHcTtema by HK 1, oi(uj, t, x), Po(uj, t, X),...,0x(Uj, t,x) ABAAeTCA sMHeHHO 
He3aBNCHMOH. 

VimetoT mecTo cyleqytolllve yTBepxeHuaA: 

1. Cucmema (1) npu n<2 eceeda aenasemca KoNCepeamuénott. 

2. Cucmema (1) npu n>8 sbasemca, KaK npaeuno, 6noAKe HeKONCepeamus- 
Hou cucmemoli. 

3. Céeoticméo CUCMEMbI KBABLLALINCLINOLX YpaeHeHult (1) 6o1me KoncepeamusHott 
COXPAHSHEMCA NPU AMOOOM HEBLPOICOCHHOM NPeOOPA3Z06QHUU 3A6UCUMbIX R He3saéu- 
CuMbLX nepemMecHHolx. Takum OOpa30m, ceoticmeo KOHCepeamuUeHocmu ecmb GdyHoa- 
MeCHMANbHOC CBOLICMEO CLICMCM KeABUAUHEIMOLX YPABHCHULL, UHBAPUAHMHOe OMHO- 
cumeAbHo Atobo20 npeoOpa3s0éaHuA nepemeHHolXx. 

V3 sTHX yTBepxKAeHHH NMepBoe ABsIAeTCH OUeBHAHIM. JIMA MoKa3saTembcTBAa 
AByX ApyrHX YMHOXKUM Kaxkjoe ypaBHeHue cuctempl (1) Ha k,(u;, t, x), mpocym- 
MUpyeM pe3yJibTaTbI TO 7 HM MoTpeOyeM, YTOObI NoMyYeH'ioe ypaBHeHHe HMesO 
dopmy 3akouna coxpanenna (4). Mbl nomyuumM cucTemMy ypaBHeHuit 


Ee ee ey, (Eo a ee) (5) 


WM ypaBHeHHe JIA olpefeseHHaA MpaBol YacTH 3akoHa coxpaHeHnaA (4) 


ft 
f (uj, t, x) = S\ Rib; — 9, —9 


j=1 


, 
x? 


Vickmouaa u3 cucTembI (5) HeH3BecTHbIe k(u;, t, x), NOyIHM 


: n 


0 ; - 
ee 0 
Jj 


L 


j=1 


Cucrema (6) ABIAeTCA JMHEHHOH OHOPOAHOH CHCTeMOM ypaBHeHHH B UaCTHBIX 
IIPOH3BOLHbIX MEPBOrO NOPAAKa OTHOCHTCIbHO HEMSBECTHHIX PyHKUMH 'Y(u;, F, x), 
b(u;, t, x), MapaMeTpH4yeCcKH 3aBHCAMeH OT MepeMeHHbIx f u x. B cass Cc Tem, 
YTO YMHOXKeHHe pelieHH CucTeMbI (6) Ha MpOu3SBOJIbHbIe (PyYHKIUMM MepeMeHHbIX 
t, X He JaeT HOBbIX H€3ABHCHMbIX 3AKOHOB COX paHeHHA CHCTeMbI (1), MbI Oy lem cuH- 
TaTb ¢ x B ypaBHeHHAX (6) PUKCHPOBaHHbIMH. 

Tlokaxkem yTBepxeHue 2. B cnyuaen >3 cuctema (6) ABuJIMeTCA Mepeonpe- 
jenenHol. Ecsmm cuctema (6) uMeeT HeTpHBHaJIbHble pewenus o(u;, t,x), V(u;, t, x), 
TO 9TH PeICHHA LOJKHBI TAK2KE YLOBJICTBOPATb BCEM YPaBHEHHAM MpOMOJKeHHON 
CHCTeMbI, Mosyuaemoi u3 cucTemb! (6) AHddepeHUMpoBaHNeM MO NepeMeHHBIM LU; 
(*). PaccmatpuBasd mpousBosHble cbyHKuMh , © Kak aslreOpanueckne HensBecr- 
HbI€ H BbITOJIHAA BCe He3aBUCHMble AuddepeHunNpoBaHUuA ypaBHenuli (6), MbI O6- 
Hapy2KUM, 4TO, HAYMHAA CHEKOTOPOFO MOMEHTA, UMCJIO YpaBHeHUH CTaHeT OoubUIe, 
YeM UHCIO HEM3BeCTHBIX. Ecsi pv 3TOM BCe YPaBHeHHA, NOJYUeHHbIe Luddepex- 
IMpoBaHuem cucrembl (6), ABAsNIOTCA alreOpav4eCKN He3aBHCHMbIMH, a 3TO OJXK- 
HO HMETb MCCTO B CJIYYae MPOUSBOJbHIX KOSPPUILMCHTOB ;; (U;, t, x), TO CucTema 
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(6) 6yqeT UMeTb TOKO TPHBMasbHbIe peienua. More, OHAKO, CYYHTLCA, ITO ff 
yacTb YPaBHeHHH npomomKeHHOM CuCTeMbI OyJeT ABATDCA amreOpanyecKHM | 
cleACTBHeM cucTembI (6) Hu ee NPOMOMKeHHU, TAK YTO YHCMO HEM3BECTHBIX MPO- | 
M3BOJHbIX BCerfa OyfeT Oombuie YMCA HeE3aBHCHMbIX YPaBHEHHH MpOMOJKeH- | 
HOH cucTembl. B stom cu1y4ae cucTema (6) MO2xeT HMe€Tb HETPHBHAaJIbHbIe PCLICHHA, § 
3aBUCALIMe Kak OT PA],a NPOW3BOJIbHbIX IOCTOAHHbIX, TaK MW OT HEKOTOPBIX IIPOH3- 
BOJIbHbIX (PYHKIIMM MePpeMeHHbIX Uj. 

Takum o6pa3om, yTBepxkeHue 2 NoKa3aHoO. Orciofia BbITeKaeT, UTO, HAYMHAA 
c n = 3, CYLIECTBYIOT BIOJIHe HEKOHCEPBaTHBHble, KOHC€PBaTHBHO-3aMKHYTHIC 
HW KOHC€pBaTHBHble CHCTeMbI. ITO OOCTOATEJIbCTBO OMpaBAbIBAeT NMPOBeMeHHYytO 
BbILLe KIaCCH(PUKAaHiO CHCTeEM KBa3HJIMHeHHbIX YpaBHeHHH MO Mpu3sHaKy KOH- 
CepBaTHBHOCTH. 

CymecTBOBaHve HeKOHCePBaTHBHbIX CHCTEM ABJIA€TCA CYIICCTBEHHbIM CBOH- 
CTBOM CHCTeM KBa3HJIMHeHHbIX YpaBHeHHH, OTJIMUAIOLIMM HX OT JIMHCHHbIX CHCTeM, 
TaK Kak BCAKad JIMHeMHaA CHCTeMa YPaBHeHHH ABJIACTCA, OUCBUHO, KOHCEPBa- 
THBHOH. i 

V3 H310%KeHHOrO BbITeKaeT TAKXKe, UTO [VIA HEKOHCePBaTHBHbIX CHCTEM KBa- 
3HJIMHCHHbIX YPaBHeHHH MOHATHE OOOOUIEHHOFO PeleHHA Kak PeuleHHA, YOBJIE- 
TBOpAtoMlero PAY WHTerpaJIbHbIX COOTHOIICHHM, TeEPAeCT CMBICJI. 

Uro KacaeTcd yTBepxkeHHA 3, TO OHO TaKxKe OYEBUAHO, TaK KaK CBOHMCTBO 
cuctembl (6) HMeTb pelieHHA He 3aBHCHT OT MpeoOpa3s0BaHHA TepeMeHHbIX Uj; 
M Mapametpos f, x. 

OcoG6oe mecTo cpeM CHCTeM KBa3HJIMHEHHbIX YPpaBHeHHU 3aHHMaIOT ypaBHe- § 
HHA rHqposMunamMuKku. Mp craBuM cBoelH 3ayauel OMpeeHTb KsIaCC 34KOHOB CO- § 
XPaHeHHA JIA ypaBHeHHH THApOAMHAaMHKU OMHOMePHOTO TeYeHHA C2KHMaeMOH ~ 
XKHKOCTH. 

SanuvcbiIBad MX B TlepeMeHHbIX Diiiepa, OyeM UMeTb: 


de Opv in. ov Ov Op as 

3p om 7 On Op So Recerca a 
Sh (ocean eee i ete 
ie US yee i [sete 3] =0. 


rye p — IJIOTHOCTb; U— CKOpOCTb; ¢ — BHYTPeHHAA SHEPrHA H p = po, s) — 
aBJIeHve, 3aaHHOe KaK MIPpOM3BOJIbHaAd (PyHKUHA MVJIOTHOCTH HU BHYTPpeHHeH 
SHeprHu rasa. SanHvcbiBad [Id ypaBHeHul (7) COOTBeTCTBYIOULy!O HM CHCTe- 
my (6), onyuun: 


ap 09 Po 09 ay d9 re) p oo, 

Seo Gp) efGu so Te ee ee a 
oy = Pe O9 | Uv 09 
Os < SO) Our univee 


Hatta 3ayjava 3akouaeTCA B HaXOMKJCHHH OOLlero pelleHuA cucTeMbI (8). 
Mcxmouaa w3 (8) (0, v, ¢), NOomyuHM 


wee tee —el- 2S, Zp Hite _ jake, 
ral a Py-ae |p cae |: (9) 
V3 (9) nomygaem: 
o(p, v, ¢) = pP (p, v) + F (9, s); (10) 
ps +b —o=C(p, v), (11) 


rye 2, F, C— npovsponbubie (byHKUMM CBOMX apryMeHTOB. 
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Hogcrapuaa (10) B (11), Hatigem: 
(p, 0) =D, (0); C(p, 2) =Ci(p); (9, ¥, s) = pD1(v) + F (0, 2). (12) 
Tenepb OKOHYAaTebHO HaxoquM ¢(0, v, ©) HY (0, v, ©) ua (12), (9) u (8): 

9 (p, v, ©) = Cyp + Cp + Cy (co + o> 2 =) + Capf (S); 


(13) 
Y (Ps W ©) = Cypo + Cy (p0® + p) + Cy (pve + pu +05) + Carof (S), 


rye f =const ecrb nHTerpam eas 
$— —> Pedo = = 0. 


- 


TlosyuenHoe oOniee pellieHHe cMcTeMbl ypaBHeHHl (8) BbIpaxKaeT, Kak He- 
TPYMHO BUJeTb, 3aKOHbI COXpaHeHHA MaCCbI, MMMyJibCa, 9HEPrHH HW ZHTponMU 
rasa, XOPOIWO W3BecTHble B rH{pOMMHaMukKe. C STOM TOUKH 3peHHA Bce YeTHIpe 
qieHa B (13) Mors ObITb HaliHcaHbl 3apaHee, OAHAaKO a priori ABAANOCb HesAC- 
HIM, BbIPaXKaloT JIM OHM Bce BOSMOXKHbIe 3aKOHbI COXpaHeHHA WIA ypaBHeHHi 
/THApOMMHAaMUKH. Syecb Mbl NosyyaeM, TaKMM OOPa3so0M, BbIBO, YTO CHcTeMa 
“ypaBHeHH rupoqWHaMHKHM SABJIAeTCA KOHCePpBaTHBHO-He38aMKHYTOH cHcTeMmoli. 

V3 u3102%KeHHOrO OYeBHAHO, TO MOryT ObITb NOCTPOeHbI pasUYHbIe OOOOMIeH- 
Hble peWeCHHA ypaBHeHHH THAPOAMHAMHKU, YOBJeTBOpAIOUIMe OJHAM HU TeM 
Ke HavaJibHbIM JaHHbIM. 

_ PaspbiBHble peWleHHA CHCTeM KBa3HJIMHEHHbIX ypaBHeHHl runepOomuueckoro 
THA MOXKHO pacCMaTpHBaTb Kak TIPeAeJbHbIe PeLeHHA STHX CHCTeM C BBeeH- 
HOH B HAX «BASKOCTDHIO» B BUA NPOMSBOAHbIX BTOPoro NOpAAKa C MaJIbIM Napamert- 
POM IIPH HHX NpHcTpeMJeHHH NocJeqHero K Hyuo0. Tak Kak JIA KOHCepBaTHBHO- 
H€3AMKHYTHIX CHCTEM CYLIECTBYIOT pasJIMUHble OOOOMWIeHHbIe PeWIeHHA, TO, BBOAA 
Ppa3Hble «BASKOCTH, Mbl MOXKEM NOJYYNTh HU passJMYHble NpesebHble peleHuA. 

V3 Toro, uTo cucTeMa ypaBHeHHH ruApOAMHaMUKHU Take ABJIACTCA KOHCEep- 
BaTMBHO-He3aMKHYTOM CHCTeMOH, CJleflyeT, YTO WHpOKO IPHMeHAeMBIM pH pac- 
yeTaX PHApomMHaMMyeCKUHX 3afad MeTOA BBEJeCHHA «BASKOCTeH» TpeOyeT HeKO- 
Topol ocTopoxuHocTuH. Herpy4Ho MpHBecTH TipHMep «BASKOCTH», MIA KOTOPOH 
6yAyT BbINOJHEHbI (USHYeCKH HeMpaBHIbHble S3aKOHbI COXpaHveHHa. 


OrfeneHHe TIpHKnaqHoH MaTeMaTHKH Iloctynuo 


Matematuyeckcro wucTuTyta um. B. A. Crekmosa 26 IE W957 
Akafemuu Hayk CCCP 


ITATHPOBAHHAA JIMTEPATYPA 
1 Pp. D. Lax, Comm. on Pure and App]. Math., 7, Ne 1 (1954). 70.A. Oneatuuk, 


JIAH, 109, Ne 6 (1956). $C. Tl ®©uuukosB, Metox BHemHUXx dopm Kaptana B Auphe- 
peHiwanbHow reometpun, M.—JI., 1948. 
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MATEMATHRKA} 
li. M1. PbIBHH 


O CXOXMMOCTH PAOB, NOJIYGAEMBIX MPH PEWWEHHH 
HEJIMHEMHbIX HVHTEPPAJIbHbIX YPABHEHMH 


(ITpedcmaeaexo axademuxom A. H. Koamoeoposeim 5 III 1957) 


Hyxke paccMaTpHBaeTCA HeMHeMHOe HHTerpasibHoe ypaBHenHe 
L 


o(x) =\K (x, 9, o(y), Ady, (1)3) 

0 f 

MIpHyeM mpeynomaraetcs, uro dynkuua K (x, y, 9, A) HempeppIBHa M0 COBO- 
KYMHOCTH TepeMeHHBIX MH aHasHTHyHa nO YByM NocwequuM. Mol npeqnowa-’ 
raemM, UTO MMeeT MeCTO NpefcTaBJeHHe 


Kay orn= >) A(x, oN, (2) ) 


ty J=0 


rye dyukuuu A;;(x, y) HenpeppiBHE, Npuyuen | Aji; (x, y)|< Bij, a pag 


Big, N= Dd) Biigin! (3) | 


i, j=0 


cxofuTca pH |o|<py, |A|<(p,. Ipeqnomaraetca tTakxe, 4TO Ao (x, y)=0. 
OAH W3 HaHOosee pacIipocTpaHeHHbIX MeTOJOB pelleHHaA ypaBHenua (1) 
(1, ?) 3aKo¥aeTCA B TOM, YTO STO pellieHve (x) HIeTCA B BUJe pata j 


9 (x) = hea (x) + Moo (4) +... (4) | 


laa onpegzenenua dynkunit 9;(x) pag (4) NoxcTaBistoT B ypaBHenue (1), 
MpaBy!O YacTb STOrO YpaBHEHUA passaraioT B PANO CTeMeHAM i, a 3aTeM NIpH- | 
PaBHUBAaIOT KOIPPvUKEHTHI MPH OAMHAKOBBIX cTelleHAX A B NeBOH H MpaBow 
yacTax. Tak¥M IlyTeM IpHXoOAAT K OecKOHeYHOM CHcTeMe HHTerpasbHbIX ypaB- 
HeHHU, HW3 KOTOPbIX MOCeAOBATeIbHO ONpesensioTcea syHKuyHU o;(x). Jaa toro 
yToOpl pay (4) c PopMaIbHO MOCTPpOeHHbIMH PYHKUMAMH 9;(x) Obit JelicrBuTeb- 
HO pellleHveM ypaBHeHus (1), HY2XHO JOKa3aTb PaBHOMePHY!O CXOJMMOCTD STOFO | 
pxla IPH sHaveHMAX A} M3 HeKOTOporO NpomexyrkKa. JloKasaTenberBo 9Toli § 
PaBHOMepHOM CXOAMMOCTH HM MpefcTaBAeT OCHOBHY!IO TpyAHOCTD. 

B w3BecTHbIX aBTopy paOoTax paBHOMepHas CXOJuMOcTb psa (4) BbITeKaer } 
M3 CYUIeCTBOBAHHA MaKOPHPYIOWAX PAOB, T. €. TAKUX CXOJAWIMXCA B HEKOTO- } 
POM Kpyre pAROB 2 = hz + 2°z, + ... C HEOTPHMaTeAbHbIMH KOSdibuUHeHTaMH | 
Zi, 10 Z; > |9i(x)|. Tlocrpoenve MaxkopanTHoro psa O6bIaHO ocymecTBuIAeTCA | 
CHeLMasIbHBIM IPHEMOM B Ka?K]OM KOHKPeTHOM Cylyyae. Tak ,HanpuMep,B KHure (2) | 
M@KOPaHTHbIM pA) CTPpOMTCH ueTbipe pasa. B cBaA3H C H3N0%KeHHDIM BBILIEe | 
M.A. KpacnocesbcKui npeqioxu Haliry OOulMe ycOBUA, KOTOpble obecneunBawin 
Obl paBHOMepHY10 CXOMMMOCTb (PopMaJIbHO NOCTPOeHHOLO B BHe pala (4) pemenus 
ypapnenna (1). Bonee toro, M. A. KpacnocepeKnit BbIcKa3au rumoresy, 4TO | 
ANA Ciydast MATerpasbHoro ypaBHeHusA Bua (1) PopManbHO NocTpoenuble pAjEl | 
Bcera CXOMATCA PaBHOMePHO IPH 3HaveHHAX A M3 HEKOTOPOrO MpoMexyTkKa. 
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B HacToallel cTraTbe MPHBOAATCA HEKOTOPble OOMIMe MpesoxwKennAa oO CXO- 
JMMOCTH (POpMaJIbHBIX pelieHui (4) ypaBHenus (1). 

1°. CnoKHOcTh NOABAAeTCH JIMUIb B TOM cayyae (2, 8), Kora eLHHHLAa ABIA- 
eTCA COOCTBEHHDIM 3HaYeHHEM MMHeMHOrO MHTerpasbHoro onepatopa 


Ayoe (x) = \ Ato (x, 9) ¢ (y) dy. (5) 


Mbl mipefqmouaraeM, 4YTO eHHUMa ABAACTCA MpOcTbIM COGCTBeHHBIM 3Ha¥ye- 
HHeM ollepatopa (5). B sTom cmyyae ypaBHeHHA Aa onpefenenua dbynKkunit 
9i(x) MMeIOoT BHI 

it e 
91 (x) = \ Aro (sD eWdy+\MiGY AY) -+ > 2Aw))dy, (6) 


0 0 


re Mi(x, y, 91,,.--.9i-1) — PYHKUMA, ABHbIM BUY KOTOPOH HeTpyHO ykKa3aTb. 
Ecuu Jia ypaBpuenusa (1) MoxKHO NocTpouTb (hopMabHoe pellienve B Buse 
paga (4), To STO 3HaYHT, YTO KaxKoe u3 ypaBHeHH (6) paspemmmo. Tlostomy 
BTOpble CJlaraeMble B MpaBbIX YacTAX ypaBHeHHH (6) Npu KaxKOM 7 oOuKHI 
ObITb OPTOFOHAJIbHbI COOCTBeEHHOM PyHKUH g(x) AMpa Ajo (Y,x), COOTBETCTBY10- 
mei coOcTBeHHOMY 3Ha4eHHIO, paBHOMy efHHUUe. IIpu BbINOMHeEHHM ycsIOBUA 
OPTOrOHaIbHOCTH i-e ypaBHeHve (6) MMeeT pellieHue o;(x) Buya 


i (x) = of (x) + cip (x), (7) 


rye 9(x)— usBecTHad (yHKuMa; p(x)—coOcTBeHHad (byHKUMA spa 
Ayo (x, y), COOTBETCTBYIOMlad COOCTBeEHHOMY 3HaYeHHIO, paBHOMy eMHULe; 
C,— MpOWsBOJIbHax NOCTOAHHAaA. 


Ecau Tenepb paccmoTpetTb (i -+1)-e ypaBHeHue, TO BTOpoe cularaeMoe B 
ero [ipaBoll yacTH 3aBHCHT, BOOOMe ToBOps, OT MocTOAHHOK C,. B OCHOBHBIX 
culyuadxX 3HaveHHe NOCTOAHHOH OMpefesmeTcA U3 YCOBHA OpTOrOHaJbHOCTH 
3TOrO BTOporo cularaemMoro K dyHKUMH g(x). OjHako MmoryT 6bITb culyyan, 
Kora BTOpoe CJlaraemoe OPTOFOHaJIbHO q(x) pH Bcex sHayeHHAx c,. Torya 
(i+ 1)-e ypaBHeHHe pa3pelIMMO HM ero pellieHHe 3aBHCHT OT HOBOH Mpons- 
BOJIbHOH MOCTOAHHOM c,,,. B stom cayyae Qa onpeseseHuA 3HayeHHA C, 
IIPHBJIeKaloT YCOBHe OPTOrOHa/IbHOCTH g(x) BTOporo cmaraemoro (i + 2)-ro 
ypapHenua. Moker oka3aTbCA, 4YTO HM 9TO yCIOBHe OpToroHadbHOCTH 
BbINOJIHACTCA TOKMCCTBCHHO OTHOCHTEIbHO C;. Tora NpuBseKator ouepefHoe 
yYCJIOBHe OPTOrOHaJIbHOCTH H T. J. 

B u3BecTHbIX aBTOpy pa6oTaxX H B paCCMOTPeHHBIX HM IIpHMepax Ipo- 
wecc ompefeseHHA S3HAYeHHA TOCTOAHHbIX C; B HEKOTOPOM CMbICyIe ycTa- 
HaBulMBaeTca. B cBA3H C 3THM MbI MIPHXOJHM K CyIeAyIOWeMy oONpejeseHutio. 

ByfleM roBopHTb, 4TO pomecc onpefesenua (byHKUKM ©, (x) craOusu- 
3yeTCA, ECJIHM MOKHO YKa3aTb Take HaTYpaJibHble ucla m, J, uro onpejenenne 
3HaYeHHA TIPOW3BObHOM MocTOAHHOM B (popMyvie (7) UpH 7 >m mpousBo- 
JMTCA M3 YCJIOBHA OPTOTOHaJbHOCTH BTOpOrO cCJlaraeMoro MpaBow actu 
(i+ 1)-ro ypaBHeHua pyHKUMH q(x), T. e. H3 yCOBUA 


1 
; 
Cayuau, paccmoTpeHuple B (7) (ctp. 37—50) u, HalpuMmep, B (4), coor- 


BETCTBYIOT cTaOuuMsyollemyca mpoueccy c /=1. J\na uuterpambHoro ypap- 
HeHus, paccmorpeHHoro B (”) (crp. 61—63), mpomecc ompeyeneHua 9, TakxKe 


cra6uusyetca, HO l = 2. 


My [%s Ys Pr (Yds + +> Pig (YI 9 (x) dx dy = 0. (8) 


Soe 
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Teopema 1. ITycmb eosmooxHo @opmanonoe nocmpoeHue pewleHun 9 (ay | 
ypaenenus (1) @ eude pada (4). Ilycme npoyecc onpedenenusn ynkyuad i 
p, (x) emabuausyemcs. . | 

Tozda pad (4) CXO]MTCA PaBHOMePpHO OTHOCHTEJIbHO xé€[0, 1], )A|\ <8 i 
ede p—nNeKomopoe noaootumeavroe uucno. Pad (4) AeAAeMCA HACMOAUUM } 
pewienuem ypaenenus (1). | 

2°. Yreepxyenue reopems: | BpiTeKaeT H3 BO3MOX%KHOCTH MOCTPOCHHA & 
YHUBepCaJbHOL Ma>KOPaHTbl, MPHMCHHMOM JVI BCeX CTAOMJIM3SyIOULMXCcA MpO- \ 
IeCCOB OMpeevieHud (pyHKUHH 9, (x). 

lis ycnopua craOvsM3yemocTH Mpomecca BbITeKaeT, YTO yPaBHeHHe Ja: 


onpeyeveHva PyHKUHA ©,,,,,, WMeeT BUY 
af a 
Omatar 0) = \ Aro 1) Pngia Y) dy + \G ( way + 
0 0 
- @ 
+ mas \ Hig Os Yo G1 Ws ++» Fn, (4) aU (9) 8 


0 
P€ Cm4,—UpOW3BOuIbHad MOCTOAHHAA, C TOYHOCTbIO JO KOTOpPOH onpeye- 
snerca PYHKUMA ©,,,,5 G(x, y) —PyHKWMA, He saBMcAMad OT C,, | (oTa 
(byHKUMA JOCTATOUHO CJIOKHBIM cnocoOoM oOllpefeswseTca 0 HaleHHbIM & 
paHee NpHOmMxKeHHsM). 


@yukuna Hh4, MOoxeT ObITh ykKa3aHa; OHa OONaqaeT TeM OCHOBHBIM | 
CBOHCTBOM, YTO 


Otte 


\ Hh 0 4 1) 5 eG @)dedy = L #0. (10) ) 


PaccMOTpuM ypaBHeHHe 


z= RB (z, 4) + god, (11) 


rye R=1 + max|K (x, y)|; K(*, y) — o606uleHHad pesompBeHTa Ajo (x, Y); 
B (2, 4) — byukunsa (3), B KOTOpoH nonaraetca By) = 0, gg = max (| p(x)|+ 
+ |g (x)|), d= hd; +d, 4 

HetpyfHO BuyeTb, TO ypaBHeHHe (11) uMmeeT pemeHHe Bua z= dz, + 
+ )?z+... 

Yncna 2; MOXHO MOCJe{OBaTeubHO ONpeleuHTb H3 ypaBHeHHit, 
NOJYYaeMbIX CpaBHeEHHeM KOsPPHUMeEHTOB Mp OAHHAKOBbIX cTemeHax A. Tipu 
3TOM HalifeTCH TaKOe Ny > Mm, YTO TPH NSN) Zni14, HMeeT BUT 


Zictigae RB Did sl Eten cp kd Gaeta tee a eee 


a 


Tlyers 2; >| 9; (x)| G = 1, 2,...,% +0. TMonoxum A’ = FIN... Ream 
Uepes P (i) o603HadHM TakOl MHOroqieH TOpAyKa Ny +1, KoTOpsiii copna- 
aeT C NEpBbIMH WIeHaMH pasJiO%KeHHA NO CTenMeHAM ) BLIPaxKeHHA R—RB (k, )), | 
Tie R= Ry eh oe ee ea gs Yepes Q(A) o603HauyM nowMHOM 
TakxKe NOpsALKa Ny +, COBNajaloulMit Cc NepBbIMH WIeHAMH pa3sJOxKeHHA B pA 
mo cTeneHam dbyHKuHH B (Rk, A). 


Teopema 2. Ilycmb 6osmoocno dopmaabHoe nocmpoenue pewenua © (x) 


ypaenenus (1) 6 eude pada (4). Hycme npoyece onpedenenusa dynxyuti oO; a 
cmabuausyemca. 


Toeda dbynkyuu 0; (x) yOosraemeopsiom Hepasencmeam 


lpr(x)|<2 (= 1, 2,...), (13) 
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20€ Z=)2, +H 2,+... eCMb pewleHUe ypaeHenun 
( 2\N + qo >) Mi! \te— RB(z,))—P)) = @IB(z,)—Q@). (14) 
j=1 


3°. 3aMeTHM, 4TO yTBep2keHHe Teopem | u 2 oTHOCHTCa MK TeM Culy¥aaM, 
Kora pewieHue ypaBHeHua (1) uujeTcA B BHJe pxAOB TO APOOHbIM cTelleHAM 


a napametpa 4. Jia Toro uroObl B ITOM yOeHTbCH, JOCTATOUHO BBECTH B 
paccmoTpenue HOBbIi Napamerp p = d!”, 
Mipkytckwit ropHo-MeTaiypruyeckHit — Tlocrynuno 


HHCTHTYT 4 II! 1957 


- 


LUMTHPOBAHHAS JIUTEPATYPA 


1A. VW. Hexpacos, Tounas TeopuaA BO YCTaNOBUBUIGTOCA THMa Ha MOBepXHOCTH TA- 
wenoh wugAxoctu, 1951. * H. H. Has3apops. Tp. Cpenneasuatck. ynus., B. 33, TalKexT 
(1941), 8M. A. KpacnoceabcKku lt, Tononoruueckue MeTogbl B TCOPHH HeJIMHCHHbIX 
HHTerpasbHbIX ypaBHeHul, 1956. 4K. T. Axmeyos, Tp. Wxcr. dusnku Mu MaTeMaTHKH 
AH Aszep6CCP, 7, cep. matem. (1955). 
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MATEMATHKA & 


JI. A. CAXHOBH4Y 


O MPHBEJEHHM HECAMOCOMPSKEHHbIX ONEPATOPOB 
K JAHAPOHAJIBHOMY BUY 


(ITpe@cmaeneno axademuxom M.B. Keadouuem 28 II 1957) 


Bonpocbl pa3s1ox%KeHuA NO COOCTBCHHIM HW IIpPHCOeHHeEHHBIM (PYHKUHAM pas- 
JIMYHbIX KJaCCOB HeECaMOCOMPAXKeHHbIX ONepaTOPOB C AMCKPeTHbIM CIIeKTPOM 
6p u3syyeHb! BupKkrodom, Tamapkuupim, M. B. Kengpnuem u ap. (24). 
B pa6ote M. A. Hatimapka (°) BnepBble aHO CNeKTpaJIbHOe pa3JlO%KeHHe 
HecaMOCONpsXKeHHOrO udpdepeHuvabHOrO ONepaTopa BTOporo NOpAyKa C He- 
TIpepbIBHLIM CNeKTPoOM. 

B wacrosmleh pa6oTe paccMaTpHBaloTCA HeCaMOCOMNpsAxKeHHbIe ONepaTOph & 
A xaacca iQ (°) c HenpepbIBHBIM cneKTpoM. HanoMHHM, 4TO orpaHHYeHHbI § 
onepatop A, onpegemeHHbIi B rujbOepTropom mpocTpaHcTBe 7, NpHHaywexUT 

" 


Klaccy, (Q, ecuIM ero «MHHMaA YacTb» 


3 -ABJIACTCA BMOJHE HEMpepbIBHBIM 
onmepaTOpoM co cxoysauleHca CyMMOH MOjlymeH COOcTBeHHHIX uHCce. Mal Ha- 
XOJMM JlOCTATOUHbIC YCJIOBHA, MPH KOTOPbIX ONepaTop A MoO>KeT ObITb IpHU- 
BeyeH K [\MaroHabHOoMy Buy. Ilomyuenuple pesyvIbTaTbI HWCHOJib3SyIOTCA IA 
HCCJIeOBaHHA NoBeyeHusa || (t)|| mpH t—-> oo, rye v(t) — pemieHue ypaBHeHua 
Ulpequnrepa 


0 
inh — Ay(t), ¥(0)=% (dH). 


1. Kak wuspectno (°), BcaiKHH onepatop A (A€iQ) c HempepsIBHEIM 
CN€KTPOM YHHTapHO SKBHBaJICHTeH (C TOUHOCTbIO JO JONOJHUTebHOH KOM- 
MoHeHTHI) * onepaTopy A,f = g: 


l 
g(x) = & (x) F(x) +i FB (A) Jat B(x) (1) 


(Oe <b ee Orie 


rye matpuya B(x) (O<x</) neoTpnyatetbHa u Sp8(x)=1, a marpu- 
na J quaroHa/ibHa, MpHYeM ee NarOHaIbHbIe SJIeMeHTHI paBHE! H6O + 1, 
Jmu600 — |. 

Takum 06pa30M, BONpoc 0 BOSMOXHOCTH NPHBeAeHUA ONepatopa A (A € iQ) 
K [{MaroHaJibHOMy BUY OyfeT pellieH, ecaAH K TakKOMy BUHAY OyyeT mpuBeseH 
onepatop A, (1). 


* o » 
AonoawHuTetbHOK KOMNOHEHTOR Onepatropa A HasbiBaeTca MaKCHMaJIbHOe 
HHBapHaHTHOe MOAMPOCTpaHcTBO, Ha KOTOPOM BbINOIHAeTCA paBeHcTBo A = A*. 


** Tlycth E —orpanuyennoe usmepumoe muoxectBo. Ion NpocTpaHcTBoM eS [E] (roo) 
Mbl OyJeM NOHUMATb MpocTpancTBO BeKTop-byHKunt f (x) = [f, (x), fo(%),..-1f, @)L * GBS 
CO CKaJIAPHbIM NPOHSBeAeHHeM, ONpPeNEICHHBIM Ce LYIOMMM O6pa3som: 


ig 


Ge) =>) eg @ ax. 
IE 
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2 
Ilyctb Hy =L,[E]. Tloqy oneparopom ymuoxenuA Ha HesaBMcuMyt0 me- 
pemeHHyto Qy, B pocrpanctrBe H, OyjemM NOHMMaTb ONepaTop, onpeseneHHblit 
paBeHCTBOM 


Qu, 9 (3) = 99 (3), (2) 
© (3) € Ay. 


OueBHHO, OMepaTOp Qy, MOXKHO pacCMaTPHBaTb KaK KOHTHHYaJIbHbIM aHavior 
WuaroHa/bHOH MaTPHUbl. 

Mb 6yqeM roBopuTb, TO OnepaTop A NpHBOAHTCA K WHaArOHaJbHOMY 
BUY, eCNM CylecrByer oOrpaHwyeHHbIH onepatop 86, oToOpaxaromlut 
B3aMMHO-OfHOSHaYHO (1, Ha H u yOBMeTBOpAIOWH yCOBHIO 


, BAB = Qy.. (3) 


SameTHM, 4TO He BCAKHH olepaTop Kmacca iQ c HeMpepbIBHEIM clieKTpoM 
IIpMBOAHTCA K J\MaroHa/IbHOMy BHAyY. B camMom jee, onepatop (1) npu 
a (x)==0 Hesb3A TIpMBecTH K AMaroHasbHOMYy BUHyy. 

Honyctum, uTo dyHkuna t=a(x) (0< x <l) He MMeeT HHTepBaOB NO- 
cTOAHCTBa. Kpome Toro, npeqnooxuM, uTo PyHKuNA 3 (t) = x (a (0) Ct <a(l)), 
oOpatHad K (byHkuHH ¢t =a(x), HMMeeT paBHOMepHO OrpaHHYeHHy!0 MpoHs- 
BomHyto 3’ (t) = p*(t) («(0)<t<a(l)). pu stTux mpeqnomowKeHHax «Tpe- 
yrOJIbHad MOjesIb» OlepaTopa A MOxeT ObITb NpeoOpasoBaHa K BUHAY 


Af = xf (x) +i\F() Pi) Jdtii(x) (a<x<6), (4) 


we 


a 
rae fil) = PCB), a<t<b a=a(0), =a). 
caMOM flee, HeTpyHO BHeTb (°), UTO XapakTepHCTHYeCKHe MaTpHLbI- 

ae omepatopos A, uM A; CoBMafaioT H, CefOBaTebHO, 9TH ONepaTopel 
YHUTApHO-SKBHBaNeHTHbI (C TOUHOCTbIO JO JOMOMHHTeIbHOM KOMIMOHEHTHI). 

2. PaccmotpuM mpexye Bcero culyya, Kora paHr He9PMHTOBOCTH onepa- 
topa A, papen |. 

Teopema Il. Ecau p?(x) (ax<x<b) sanemca dynkyued oepanurennoti 
eapuayuu u yooeremeopsem ycaoceurio Jlunmuya (O<(a#<1), mo onepamop 


Ast =f (x) +ip fF ()pWidt (a<x<b,j=+1) ©) 


moocem Ovline npueedeH K Oua2oHaAbHomy eudyY. 
Tlonoanumeaonan KomMnNoHeHma onepamopa (5) cocmoum us mex u moAoKo 
mex eexmopoe f (x) €L?[a, b], 02a Komopelx umeem mecmo paseHcméo 


Ff (x) p (x) ==9. (6) 
OtmeTuM, UTO MOXKHO HalitH aHaHTMYeCKOe BbIpawkKeHue onepatopos B 


u Bo. Tlyctp p2 (x) sq>0 (a<x <b); Torqa onepatop B, npuBo_smun 
onepatop A, K MaroHasbHOMYy BUY, 3agqaeTca sopmywoL 


Bo = —f £\9(2) {exp Exp*(2)1 — exp [—np* (2)]}"* X 


x exp [- i jeer ds |dsp (xy? (ax<x<bd), (7) 


rye 9(s)€L*[a, 6] (MHTerpan co WTPpHXOM NOHHMaeTCA B CMBICe TvlaBHoro 
3HayeHua Kou). 
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Onepatop B! onpejeasetca paBeHCTBOM 


Bf = {\ [ey] exp [i jee OM ay) de + EN exp [xp%(s)] — exp [—xp" (on | 


a } 

(a<s<b, E oy € L2[a, b}). (8) ) 
Ouesnyno, dyuKunu f (x) (f (x), [F(x /p (~)I' € L? Ia, 6)) oopasyior B L*[a, bo] h 
TWOTHOe MHOx*KecTBO. CreqoBaTembHO, cbopMyvioH (8) orpaHHueHHbI onepaTop 
B+ nomocrbio onpeyeen. 

@Mopmy tbl (7) u (8) coxpansiotca 6e3 CYyIeCTBeHHHTX H3MeHeHHM H AWA 
cmyyad, Korqa p?(x) OOpalilaeTca B KaKOM-TO COBOKYMHOCTH TOWeK B HYvIb- 
B 9TOoM cuJIyuae OHH Aa MpuBeyeHue K jMarOHanbHOMy BHLy TIpoctou 6 
yactu* onepatopa A. Ilycth onepatop Az HMeeT MPOH3BOJIbHBIN paHT Heap- FF 
mutopocTtu J =-+/; Torga ciipapeqinBa cleqylollaad TeopeMa. 4 

Teopema 2. ITpedcmasum mampuuy 6, (x) @ eude By (x)=p (x) B(x) # 
(p (x) = Spi (x), ax<x<b). Ilycme npu smobom x auws N co6cmeennolx 
uUCeEN hy (X), ho (X),.--, Aw (xX) mampuyot B(x) omaAUUHoL OM HYAA U BDoINOA- 
HAemMcA Npu HeKomopom 6>>O0 nepasexcmeo 


Ape) 0 (OR Os ee ey 


Ecau, Kpome mozo, npu nekomopom K OAs AtoOolx X1, X € [a, 6] eolnoansemc2a 
He paseHcmeo 


I| B2 (2) — BP (x4) |< K | X— a 


mo coomeemcmeyrniuul onepamop 


Aaf = xf (x) +i\F (0) Ps () J dt By (2) (a<xr<b, J=+I) (9) 


moncem Oblinb npueeden K OuaeoHanoHomy Beudy. JlonoOAnUMeABHAA KOMNOHEH- 
ma onepamopa A, (9) cocmoum us mex u moabko mex eexmopoe f (x) EL? 
[a, 6], Oaa Komopelx umeem mecmo paeexcmeo f (x) By (x) =0. 

3. Ilyctb oneparop A 3aqaH B HeKOTOpOM mpoctpaHctBe H. ITlognpo- 
cTpancTBo G Ha3piBaeTcH TOPOKAAWULUM, eCNH JMHeHad 3aMKHyTad 
o6osouka MHOrooOpasui A”G (n=0, 1, 2,...) copmagqaer c H. KparTuo- 
CTbIO (AIH OOMLEH KpaTHOCTbIO) cieKkTpa onepatopa A HasbiBaeTCA MH- 
HUMaJIbHad PasMepHOCTb TMOpoOxRawuNX NMOMpoctrpaHncTB syoro oMmepaTopa. 

Eéeopema 3. Lexus 3, ( (x) yoosremeopnem yYcaceuam meopemol 2, mo 
KpamMHOcMb cneKmpa npocmoti wacmu coomeemcmeyroujeeo onepamopa A, (9) 
paeHa mMaKcumadaoHomMy paHey N mampuyol By (x) (ax<x<b). 

4. Ucnomp3ya mnpefbiqyuue pesyubTaTbl, MOMKHO OKa3aTb CHIEAYIOULYI0 
TeOpeMy e€/MHCTBEHHOCTH JIA CHCTeM udpepeHuUNaNbHBIX ypaBHeHuit. 

Teopema 4. Paccmompum O6ee cucmemot 


EAC mas By (x) - 
ee ee NS GS) | 
2 

We Les Ms apg ye NG ee aera 

20e€ By (x) u B(x) yOoeremeopsiom ycaoeusnm meopemol 2. 
Ecau @ponckuanol amux cucmem coenadarom [W, (b, 4) = W, (6,4) = W)], 
MO 6bINOAHSIOMCA COOMHOWeHUA 
VBi (4) V™ = Ba (x) @Rx<b), VW(A)VIS=WQ), 


20e re NOCMOAHHAAL YHUMAaApPHAA mampuuya. 
PesymbTaTbl mm. 2—4 pacnpocrpansioTrca u Ha onepaTopp Buya (4) c 


*TIpocto# uwactbw Ap» HaspiBaerca omepaTop, HHAYUMpyembli pA noMomm A» Ha 
NPOCTpaHncTBe, OPTOrOHaJbHOM K JOMOMHATEMbHOM KOMNOHEHTE. 
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IPOHSBOJIbHOH MaTpuuel J, ecIH JOMOMHUTebHO MOTpeOoBaTb, YTOObI MaT- 
ipuna 6? (x) J (a<x <b) He UMena KpaTHbIX COOCTBeHHBIX 3HaueHHi. 
| 5. Paccmotpum ypapuenne [lpequurepa 

., OW (Z) 

ih—F = Ad, 9) = (HEH), (10) 
rye A—oneparop Kmacca iQ c HeNPePbIBHbIM CIeKTPoOM. 
M3 cooTHoWmeHHa 


(11) 


Lei HOpMa pelleHus iv (2) | ABJIACTCH 


d\jv|? 4/A—A*, , 
dion TNC v9) 


A 
BbITEKACT, UYTO TIPH YCJIOBUU j 


| ee dyuHKkune or ft. 

| Ilyctb ¥; —onHad GpTOHOpMHpoBaHHast CHCTeMa 9JIEMeCHTOB HPOCTpaHcrTBa 
pH; Tora BeposTHocTb P (oTHeceHHad K e/MHHLe BpemeHH) pactiaya CHCTeMbI 
HBbIPaKaeTcA PopMywoM 


mr 4) 9, OIF 
Pee ie (12) 
j= 


| lua paccmaTpuBaemoro Hamu Kaacca onmepatopop P< oo. TlockombKy 
| (¢) |? nponopunoHanbHa uncy uacTHm B CHCTeMe, TO BO3HMKaeT BOTIpoc, 
MpH Kakwx ycuOBHAX || v(t) ||? crpemuTca K UMCTY, OTJHYHOMY OT HyJIA pH 
too. Tak kak ||/(¢) |? He u3meHaeTCA Ip yHUTapHbIxX Mpecbpa3s0BaHHAx 
mpoctpanctsa H, To mpi pellieHuu JTOFO BOMpoca MOXHO CUMTATb, ATO OMe- 
/parop A npupeyeH k «TpeyroubHoMmy Buy» (4). 

Teopema 5. Ecau onepamop A yooeremsopaem ycaosuam meopemel 2, 
M0, KQKO6 O6l HU OblA HALAAbKOLIL IACMEHM Yo, CpaseOAueo CooMHOWeHUe - 


m||vo||<|] (A) |< M][%]]), O<t<oo, (13) 


ede Mt um (M>m>0)— nocmosnnole 4ucaa, HE SABUCALUe OM Vp. 
B camMom jlevie, peuienue )(¢t) uMeeT BUI 


mee: 
OLE on Pel (14) 
rye B —onepatop, upupoyamuai A K AMaroHambHOMy BAHAY; %0(¢) = Bly. 
| M3 orpaHuuenHoctuH onepatoposp B wu B+ wHemocpeycrBeHHo cyleqyeT Hepa- 
BeHCTBO (13). 
6. PaccmoTpuM ypaBHeHue 


Set AR=0, 0) = FI) =t (Wo HEH), (15) 


A—A* 


i 


ae, 


1= 


rye A—onepatop Knacca iQ c HempeppIBHbIM cneKTpoM. Kpome Toro, 6yqeM 
TMpeymosaratb, YTO cneKTp oOnepatopa A 3akmMO4eH B HEKOTOPOM oOTpe3ke 
Bed) (0 < C= _d). 

Teopema 6. Ecau onepamop A yoosremeopnem ycaceusam meopemel 2, 
MO, KQKO6bL Obl HU OblAU HAULAAHbIE IACMEHMOL Yo, by, ChpabedAUEO COOMnHO- 
wenue 


milli +i) <I9OU+ | FSM igoll-+ lial) O<t<co), (16) 


ede M um (M>m>0) — nocmosunwle wcra, He 3aéeUucAWue OM bo U Yy. 


Ojeccku mefarormuecKHH MHCTHTYT Tloctynusto 
um. K. J. Ymunckoro 10 I 1957 


UMTHPOBAHHAA JIMTEPATYPA 
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Jloknann Akagemuun nayx CCCP 
4957. Tom 115, Ne 3 


MATEMATHKA, 


K. M. ®MWIMAH 


K BOMPOCY O MPEJCTABJIEHHH HEKOTOPbIX KJIACCOB 
AHAJINTHYECKHX ®YHKUMK 


(Tpedcmaeaeno akademuxom B. H. Cmupnoeotm 27 II 1957) 


1. Tlycrb umerotca JBa cenlapaOesbHbIX THJIbOepTOBbIX MpOCTpaHCTBa OB 
BOCIPOH3BOAAILMMH sfpamu (1), COCTOAMIMe COOTBeTCTBeEHHO H3 (yHKUMHyy 
{f (z)}} (ZEG) u {o(O} (CEs#), roe G uw & —HeKOTOpbIe MHOKecTBa. OO60- 
3HauuM uepe3s ( , ) H [ , ] COOTBETCTBEHHO, CKaTApHbIe NpoHsBeyeHua B Ae 


u #. Ecau {pna(z3~p u {qn (z)}}P — OOO Oa3Hcbl COOTBeT- 


co 


cTBeHHO B H u #, TO, KaK M3BeCTHO, Sie. (2) \P.<A00,( (Z€G)a Dy an(OIP-<o0 i 
(C@€s#) HM BOoCNpousBoqAmMe saypa g(t, ca), u A(G, C,) STHX “npocrpanctay 


BbIPaKaloTcA yYepe3s HHX B Bue ¥ (Zi, 2) = Sp, (Zi) Palen) (2.) wu R(G, Gee 


=a, (CG MGMER eR CG2 teen 


ecanee Tellepb Apo 


k(z,0) = >)p,(2)9,© (2G, CEs). (1)} 


OuepngHo, k(z,0) CH (CEs) u k(z,0) CH (zEG). 
Teopema 1. Coomxowexuamu 


F(Z) =I[9), k(z, 9), 9 (0) = (F(z), R(z, 9) (2) 


nOpo k(z, ©) onpedeasnem usomempuueckuti onepamop V, omcb past aroujutt KH 

Ha H; npu amom f(z) u o(C) coomeemcmeyrom Opye Opyey 6 gmou u3somem- 

puu. OOpamxo, Kaxdomy usomempuuecKkomy onepamopy V, omo6pacarowemy\ 

H na H, coomeemcmeyem sdpo euda (1), uepes Komopoe Oeticmeue onepa- 

mopa V u eeo o6pamnoeo Vt sanuceleaemca no gdopmyaam (2). 
JlokasaTeIbCTBO STOH TeEOPeMbI NO.1yyaeTCA HeMOCpeACTBeEHHO paCKPbITHeM} 

CKaJIAPHbIX MpousspeqeHH (2). Dopmyiamu (2) kayo cyHkuun 9 (C) =| 
foe} foe} 


= Dane (0) Cc #H craBurca B COoTBeTCTBHN cbyHkuusA f(z) = x Onn (2) C Han 


u Hao6opor. Apo WA Hanepeq 3aqaHHoro omepatopa V Moker 6bITb Towty- | 
YeHO, ECAH BbIOPaTb Pn(Z)=Vqn(o), rae {Gn (€)} — mo6ol opronopmuposaH- 
HbIM Oasuc B SFL. 

OrmetuM, eule, ¥TO apo k(z, C) cBa3saHo c BOCcMpousBO,ALLHMU spamu | 
H u ff cootHowenuamu g (2), 2.) = [Rk (Zo, C), R(2,, C 21, 2,€G) wu 
Hi (Cas Go) = (BIZ Ca)h RC EOE, Cacao A BM Sa NG! fig 

> )=[., ] hopmyvr (2) qator oOuwi Bay yHuTapHoro onepatopa B H (2,2), 
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2. IlpeqnooxuM Tellepb, 4YTO NpocTrpaHcTBo FF BMOX%KeHO B Oovee WHpO- 
oe rusbGepToRo mpocrpancrBo H, KOTOPoe MOxeT HM He OOnalaTb BOCIIPO- 
M3BO]AILUM s[pOM. CkasipHoe NpousBeyenne Bo H 06osHayum Toxe vepes 

, ]. Torya mo6ol arement 9 CH _PasJiIoxKHM eo=o(0)4 vb, reo ()C H 
wy l Hu kN =leO)+9, ke Ol=leO, A Ol =f 2). Taxum 
oO6pas0M, MbI NOv/YYHJIM Cvieqyloulee OOOOmleHHe TeopeMb! BulOxKeHHA ApoH- 
Kalina (1): 

Beco pemwa 2. Ecau npocmpaxcmeo Gl eanonceo @ Oonee wUupoKoe 
HeuAobepmoso npocmpancmeo GH, mo mo6oti aaemenm f(z) CH npedcmacum 


F(z) =[e,k(@2, 9) -(@c #). , (3) 


Cpeou ecex anemenimoe °, npedcmasasmoiuux OOHY tu my ace YHKYUto 
Wi (z) CH, naumenouyio nopmy @ GF umeem gynkyua o = 9 (0) = 


=([ (2), (2, 9). 

Sta TeopemMa MOKeT ObITb HCMONb30BaHaA JIA NOMYYeHUA pasMIHbIX 
MHTCrpavIbHbIX TpefcTaByeHHH KaccOB aHaJIMTHUeCKUX (PyHKUMH, OOpasyto- 
“Mux rumbOepToBbl MpocTpaHcTBa C BOCIpOH3BOAAMIMM sjipom. Jaa npHMepa, 


nyctb H==M (2c, a) [xp6amsana (3), HW =H, Pucca (4) u H —copoxyn- 
2m 

HocTb Bcex © (e!®), quia KOTOPBIX \ | 0 (e#®) |2d6< 00. B atom cayyae pp (Zz) = 

; , 0 

= 7 200. (20)e[T (1 + =\ pies OVI Gh Seu ae 

| YuuTbIBad ONpeseseHve CKaJIApPHbIX MPOM3BeeHHH B S9THX MpocTpaHCTBax, 


MMeeM Ha OCHOBaHHH TeOpeMbI 2: Kalan Welland (PyHKUHA f (Zz) KMacca pocta 
| MeHbule [«, o] IpeycTaBuMa B Bue 


f(z) = V 20a (2m) V3 (ci®) [Se ayn [T (1 +2))" (eer) do 


rye o(e)— Hexoropat dyHKuMa, yAOBMeTBOpsoMlad ycnoBuIo || ¢|l? = 
20 


1 ee 
=5-\ 19 (2) Padd<oo. 
0 
Cpequ Bcex yHKUMH ©, MpescraBsiaioulux omy Hw Ty %*e dyHKuHIO f (2), 
min || 9 || Qocruraer PyHKUMA 


27 


9 (2) = lim V Bau (2x) | | f (pe!) e-20°% p= x 
0 0 


Tora) 


x {Sear [r(1 + 2)f enreme | doa 


3. Jina npeycrapieHusa pa3iWUHBIX KaccOB aHaJIMTHYeCKUX (PyHKUMA MpH 
JIOMOILM BeILeCTBeEHHEIX (pyHKIMi, NOMYHHEHHBIX TeM HJIM HHbIM yCJOBHAM 
KBaj|paTHYHOrO CYMMHPOBaHUA, BBOAMM Cyie/lyIOMe EM erU TENN rapMOHH- 


uecKUx B Kpyre Ce (|2|< R) bynKuui. Iyctb E (z) = Sea" Zod (Oe 0:7 en) 


2 
aHamuTuyecKaa B Kpyre Cr (ORK). one eat Klace Ug Bcex 
rapMOHHYecKHX B Kpyre Cr yuku {u (Z)}, WA KOTOPbIX COOTBETCTBYIOMHe 
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aHamuTHueckHe (bynkunu fy (z) (Refu(Z) = u (2)) UpHHaqiexatT Zz (°): BBoqum 
B U% HOpMy 
7 eee ‘ 4 if 
|| u (2) le oy Il Fu (2) Py (4) 9 


Ecau u(z)=a@+ i r” (a,cosn§ + basinn®), To, oueBHgzHO, ||u (z) ||? =} 
HE 


oD 
~~ ~~ =) ~~ ~~ e i 
= aay + >) (a2 + 02) %,. Ecmm u (2) = a) + >) 7? (ancos nd ++ 6, sin no) ToRe® 
il ; gk. 
< U%, TO cKanapHoe nponspejeHue, cormacoBpaHHoe B (4), HMeeT BHI 


(u (2), tb (2)) = ato + >} (GnGin + OnPn) Xn (5) i) 
1 ; 


STHM Mbl Wpesparum Uz B nomHoe cenapadembHoe rubOepTOBO IpOCcTpaHcTBO 
ft COS iO’ yieeets SAUL TTOn ee 


1 
aca! 
mogyuaem Teopemy 3. | 
Teopema 3. JI pocmpancmeo Uz; o6aadaem éeocnpouseodsuyum AO pom 


F (20), ede F(z) =ReE(z), m. ec. aa sboti ynxyuu u(z) Uz umeem' 
mecmo 


C OPTOHOPMHpOBaHHbIM Oa3sHCcoM . YqnTpBAaE (5), | 


uw (C) = (u(z), F (20) ([C|<R). (6) 


OrmeruM ene, uTo ca6an cxoquMocTh B Uz; BaeyeT 3a COOol paBHomep- 
Hy!0 CXOJMMOCTb B JOOOM Kpyre C, (r<_R), a H3 CHJbHOM CXOJMMOCTH Ff 
clleqyeT paBHOMepHad cxogMMocTb c Becom [EF (|C)?) |? B Cr. Ha atu mpo- & 
CTpaHCTBa MOXKHO TlepeHecrH Bce cBolicrBa MpoctpancTBa Zz, H Ha OCHOBE ’ 
(6) MoxHO MNOJYNHTb pas/IMUHble MNpefcTaBseHHA 93THX KsaccoB PyHkuni, 


BioxKuB Uz B Oonee mMpoKoe Mpoctpanctso U uu Tomb3yacb oTobpaxe- 


HHAMH pasJIMUHBIX MpocrpaucTB Tuna Uz. Mopmysa (6) moxer OpiTb pac- 
CMOTpeHa Kak OOoOmjeHHe (bopmyw Tlyaccona, KoTOpad MOxKeT ObiITb H3 Hee 
R?+2 
5 (R2—2)° 
4, Jina mpeycraBeHis aHamHTMuecKux (byHKUMHM depes BellecTBeHHBIe 
(pyHKUMH HaM HeOOxo,uMO Halitu aHanor dopmysb UlBapua (7) qua HawmHx 
oo 


nowyueHa, ecm BbiOpatTb E (z) = 


mpocrpancrs Zz u Uz. Iycrp f(z) = >) (Gn + iba) 2" =u (z) + iv(z) C ZR 


0 


(2e=re*). Tornaia(2)iaea, = »s r® (a, cos nf — b, sinnd) u v(z)=bo+ 


1 
(os) 


-- r” (bz cosnd + a,sinn0). Mycrs R— nognpocrpanctso Uz, nopoxy,eHHoe 
1 


r’cos nd r” sinnd |= Ss 
opTtamu —=—— , — . OnpesemuM usomerpwyuecku onepatop V B 
5 V %n Ve, 1 
R cneqyioulum o6pasom: 


V (r*cosnf) = r"sinn8, Vi(r"sinnf)=—r*cosnd (n=1, 2,...). (7) 
Torga, ovepuguo, V (wu (z)— ay) =u(z)— by. Coraacno (1), (2) onepaTopy 


V coorgerersyer spo V (2,6) = >) on" (or)"sin n (p — 8) = —Im E (20) 
¥ 
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z== re®, € = pe), Yunrpipaa, uToO (da), V (z, C)) =0, umeem 


v0 (C) — by = (u (2), V (2, 6)). (8) 


Ymuoxasn (8) Ha i HM UpHOdBaaa K (6), NomyuuM 


u (C) + iv (0) — iby = (u (2), Re E (20) —ilm E (2C)) = (u (2), E (20). 


Teopema 4. Kascdaa dyaxyun> f(z) C Ze eoccmanaéaueaemca no ee 
eewjecméenHou uacmu no gopmyae 


f(z) =iImf (0) + (u("), E (2) 9. (9) 


- 


20e CKAASLPHOE _npoussedenue (9) nado nonumamb 6 CmbICAe (u, u-+ iv) = 

= (u, u) +i(v, 0) (po CU; E)- 

OTMeTHM, UTO B DSC opme (dopmyvia (9) MoKer ObITb HallH- 
¢caHa Tak: oF 


f(z)—ilmf(0)=U+VU—P)lu) (u(z)=Ref(z)), (19) 


rae / —ejuuusupli onepatop; V — n3omerpHyeckuit onepatop, onpefewieHHbI 
'B (7), u P—mpoektTupyrcuuh onepatop Pu (z) =u (0). 
Oe ene 
—— = vcca 
. URED nas = 
Uz; =U, Yonua (°), E(z¢) copnagaer c sypom u3 dopmyer Ipapua, Ho 
CKaJIAPHOe MpOv3ReeHHe BbIparkaeTcA Yepes HHTerpad! NO eMHHHYHOK OKpyxX- 
-Hoctn. Jima nosyuenua oTcwoga o6stuHoH dopmyvin Lpapua qocraroqHo 
OTMeTHTb, uTO ecm f (Zz) — aHamuTuueckan B C,, To f (kz) H, Pucca mpu 
A<(l. WUarterpan uz dpopmym (9) Syner Tenepb B3AT BAOJIb OKPyXXHOCTH 
panyyca r<c(l. ®opmysa (9) qaeT w Tlapamerpuyeckoe MpescraBseHHe KJIacca 


Lz wepes Uz. Ecum saoxutb Uz B Oovlee WMpOKOe BellecTBeHHOe THb6ep- 
TOBO IIpOcTpaHCTBO U, To nosyuu: 
Teopema 5. Kasdan dynxyua f(z) C Zz npedcmaeuma 6 eude 


F(z) =ilmf()+(@,E@)y Gc 0). (11) 


Ilyctb Asia upocrotss R= 1, torga npu E (z) = 


Cpedu ecex pynkyut i, npedcmasasioyux [ (Zz) no dopmyze (11), Haumeno- 
wy Hopmy 6 U umeem gynkuua u = u(z) = Ref (2). 

B 3aks0ueHHe OTMETHM ellie, YTO MPH MOOaBOUHbIX M3OMETPHUHBIX OTO- 
OpaxKeHWAX pasMYHbIX NpocrpancrBs Uy Mbl MorwiM Ob! B KOHKpeTHbIX CiJly- 


yasiX MOJYYTh MHTerpabHble npeylcraBsienus upocrpaHcTB Zz yepes Bellect- 
BeHHble (pyHKUHH, MOAYHHEHHbIe TeM HJM HHbIM yCJIOBHAM KBaypaTHYHOrO 
YMMUPOBaHHaA. 


UepHoBHukKul YrocyapcTBeHHblit Hoctynuao 
YHHBepCuTer DS) MN ONS 


WMTHPOBAHHAA JIMTEPATYPA 


1N. Aronszayn, Trans. Am. Math. Soc., 68, Ne 3 (1950) ® H.Meschkow- 
¢ ki, Arch. Math., 6, Ne2 (1955). 3M. M. «x p6amsau, CooOm. Mucr. matem. 4 mex. AH 
ApmCCP, Bred (1948). 4YU.U. Wpusasos, Tpanuyubie CBOHCTBa aHaJIHTHYCCKUX (PyNK- 
una, M., 1950. 5 K. M. ©ummau, JJAH, 107, Nel (1956). °® J. L. Walsh, Am. J. 
Math., 76, Ne 1 (1954). 7A. HW. Mapxkywesu4, Teopua ananuruyeckux dyHKuni, 
NV 950) 
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Jloxnagu Aragemuu Hayx CCCP 
1957. Tom 115, Ns 3 


MATEMATHKAY 


M. Wl. ®JIEKCEP 


ACMMIITOTHYUECKOE NOBEXEHHE CNEKTPAJIBHOH MATPHILbI 
ONEPATOPA TEOPHH YIIPYFOCTH 


(ITpedcmaeaexno axademuxom M. B. Keadouuem 28 II 1957) 


B paOorax B. M. Jlesurana (1) u B. A. Mapuenxo (?) yka3aHbl HOBBIeiE 
MeTOJ[bI HCCJICOBAaHHA CNeKTPaJIbHbIX CBOHCTB judPepeHWHaIbHbIX OMepaTo- IF 
pos. B Hacrosmei 3aMeTKe 3TH MeTObI NPMMeHAIOTCA K paccCMOTPeHHIO-® 
BOIIpoca O06 aCHMMTOTHYeCKOM TOBeeCHHH 3/IEMeHTOB CIeKTPaJibHO MaTpHUpt if 
onepaTopa TeopuHu ypyrocTH, 3aaHHoro B KOHeYHOH oOOsacTH. i: 

Haliqenupie (OpMyvibI yTOUHAIOT OfHH pesybtaT A. IInetnsa (°), KOTO- 8 
pb OblI BHOBb NovyueH HHbIM yTem T. B. Bypuyaagzse (*). | 

1. Q6o3sHauHM uepes © KoHeuHy!IO O6acTb TpexMepHOrO eBKJIHOBa 
mpoctpanctBa £3. Ilycrp f(p) = {fF} (p), fF? (p), Ff (p)} (p —Touka Q) o6o3Ha- fF 
yaeT BEKTOP, KOMIOHEHTbI KOTOPOrO HMECIOT HeMpepbIBHble MPOHSBOAHbIe JO fl 
BTOPOrO NOpAAKAa BKJIOUNTeJIbHO. 

PaccmoTpuM 3aqauy Kou: 

Hair pewenue ypaBHeHua 


* 020 
— 7 — iL 2 
—Ao+s5 =9, v= {ut, v?, v5} (1p t 
IIpH HawaJIbHbIX yCJIOBHAX 


o(p,0)=0, SHS _ F(p), (2) 


rye A* = 6°A + (a? — 6*) grad div (a>>b >0— nocrosuupie, A — oneparop. 
Jlamaaca). 

Ecam vTouka p Haxoqutca BHyTpH Q u ft HacTOmBKO Mao, 4TO Wap c | 
WeHTpOM B TOUKe p M pafuyca at WeIMKOM sexKUT BHyTpH Q, TO pemeHHE } 
3ayauH Kou MOXHO IpecTaBuTb B Buze (5) 


) 


t , 
4no(p,t) = Gz) dg -+eraddiv\ dy ¢ 1 ag, (3) | 


r<bt 0 by<r<ay 


rer == | Pp —q|— paccrosnne Mey TOUKAMH P, q; dq — 2neMeHT O6bema. & 

2. PaccMOTpHM KakKOl-H60 CaMOCONPS2KEHHBIH OnepaTop £, Nopoxyex- | 
HB AuppepenuvanbHol onepauneli — A* B o6nacru Q, u sagauay Ha co6cT- 
BeHHbIc 3Ha4veHHA 


OU i= 0. ub =A (4) | 


JIA BTOrO olleparopa. 
Ilycrb pi Dies Dee ..) — co6crBeHHBIe 3HaueHHA saqauw (4), up(p) = 


== {un(p), u,(p), ty (py COOTBETCTBYIONIMe COOCTBeHHbI€ BEKTODHI. 
Hasopem cnekTpadbHOH MaTpHuel oneparopa £ MaTpHUy 
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D (p,q; 1), 9MeMeHTEI KOTOpOH i, (p,q; ») (i, R = 1, 2, 3) onpegensiotca no 
POPMY JIaM 


Sin(p, giv) = >) ub(p)uk(@), p,q €Q. 


Pyne 


Teopema. J/ycmb h—npouséeoronoe noanogxcumenbHoe 4Uucno U Qyz— 
Bimxooscecmeo moueK o6n2acmu Q, omcmosnwux om ee epanuloel He meHolWe, em 
Ha h. Ilycmb mouku p= (X41, X2, X3) U gq npunadsencam Qy. Toeda dan 
janemeHmos cnexmpadbHoti mampuyol O(p, g;) umetom mecmo credymuue 


Hacumnmomuueckue Mopmy Aol: 


Syn (on ds By saehl Gent me pe ae ai(Ht)—a(#*)| 


th ~~ 978 Ox ;OX;, if 


108 (a~8 4- 26-8) 
ss 3Th 


420e 9 (r, p)—cnekmparonan mynkyua onepamopa Jlanaaca 60 ecem npocmpan- 
jomee Es (1); Sin — cumeon Kponexepa; si(x) — uxAmeepanrcnelii cunyc;, 


Woxa3satTeabetTso. Ilycth f(q)—Bextop, o6patiaromnlica B HyJIb. 
BHe Q, uw HacTOMbKO TunaqKuH, yTo 3agqauy Koum (1), (2) MoxKHO pelluTb 
MeToyjom @ypbe. Torga vid ocTaTouHO MaJIbIX 3HayeHHH tf HMeeT MeCTO 
paBeHCTBO 


co 


in wt 
4n\ OE d.\ O(p, oH) Fg) aq = 
0 


Ey 


t 
| H@dg+grad div \dy | 1 ag. (5) 


r<bt 0 by<r<ay 


| IIpogomkumM mpaBylo uyacTb (0) HeyeTHO Ha OTPHUWaTeJIbHy!O MOJYOCb. 
/—oo<(t<(0 uw yMHOxKHM 3aTeM O6e YacTH paBeHCTBa (0) Ha MpOH3BOJHYt0: 
| g’ (t) mpousBombHO GecKOHeyHO Juddepenunpyemoh uerHoh dyHkuun g (ft), 
| OOpalllaioulelica B HYJb BHe HHTepBasia (—A, h 

Vuterpupyx mo vacTam mo nepemenHomy ¢ HW peycTaBuiaa BeKTop f (q): 
paso uacru (5) uHTerpasiom Pypbe, Noy4HM: 


| Ee(e)dy | 80. 05 WF) dg = 


—o Es 


= ( E(u) dy \ [a9 OF #) f(g) + 


—oo E 


i si (‘Z\—si (“) 
alot grad, div, Wirme So fF (9) \{ 44, (6) 
rye Eg (») —npeoc6pasopanve Pypbe dbyHkunu g(t); matpuuy O(p, q; p) 
MBI [ipefqimomaraeM WpofoukKeHHOH HeyeTHO Ha OTPHUaTeJbHy!IO TNoyocb. 
—oo= p< 0. 

B cuuly mpousBoubHocTH BekTopa [(q) paBeHcTBO (6) 9KBHBaJIeHTHO. 
J@BATH OCHOBHbIM COOTHOUICHHAM: | 


fos) 


\ Ec(y) a. Pulp gy) —telp Gel=0, 1,k= 1, 2,3, (7) 


—C 


471. 


rye momo*KeHO 


4 r > 
ti (0, P) = FB 9 (F 1) Cn + FB Ox, Ox, r 


Tak Kak upu p=q oyuKuun yi (p, ps +) = (185?) 4 (@F 4 26°) p?, TO HB 
(7), B cHsry JemmMpt 1.1 craTbu (?), CueqyeT, YTO WHarOHaJIbHble 3JICMeHTHI | 
CHeKTpaJIbHOH MATPHUbl IpH p = YAOBJETBOPAIOT COOTHOLMICHHIO 


Li ee Var {9i: (Dp, Pi w)}< = (a2 0) eee 


|x| co 


paBHoMepHO Jia Bcex p €Qzp. 
Ecum p=, TO, IpHMeHssai HepaBeHCTBO Kou — ByHAKOBCKOrO, NOJIYYHM, 


WTO BCe JJIEMCHTHI cnekTpaJIbHOH MaTpHUbI YAOBJICTBOPAIOT COOTHOMICHHIO 


Tims ai Var {Din (D> G3 Nees a (08 DB 2 el or (8) 


|x|> oo 


paBHOMepHO 0 p HW qg M3 3aMKHyTOH OOmacTH Qz. 

Vis (/) u (8) uw 3ameuanua K siemMe 2.1 pa6orbi (*) culeqyert cnpaBelH- 
BOCTb YTBeEPXKJeCHHA TeOpeMb!, eCIH B KauecTBe cemelicrBa ayep T (N, A),! 
cburypupyrouux B jwemmMe 2.1 paOorn (?), B3ATH AQpa Buya 


1, ecm |A)<CNG 


T(N, i) = - | 
| QO,  ecomm [A] > 3 


13 ‘i 
Sameuaune. Marpuna [lyin (Pp, 9; »)'li,n-1 CCTb CNeKTpasbHad MaTpHua 
ollepatopa < Bo BceM MpocTpancTBe Ez. 


Tlocrymusio 
26 Il 1957 
WMTHPOBAHHAA JIMTEPATYPA 


15. M. Jiesutan, Matem. c6opu., 35 (77), 2 (1954). ? B.A.Mapuaenko, Ham 
AH CCCP, cep. matem., 19, Ne 6 (1955). § A. Pleijel, Ark. f. Mat., Astr. och Pys., 27 A, 
DOTS 74 (1940), 2 ie Ba By) pete yaa amiesres Cooout, AH T'pysCCP, 15, Ne 4 (1954). 
5A. Ja s, Matemaruyeckaas Teopua ynpyroctu, M.—JI., 1935, crp. 317. 
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Joruzayn Akayzemun uwayx CCCP 
1957. Tom 115, Ne 3 


TEOPH A SIP OG 
K. H. WEBYEHKO 


YUPYFO-MJIACTHYECKAA JE®OPMALLHS MJIOCKOCTH, BbISBAHHAA 
JEMCTBHEM COCPEJOTOYEHHONM CHJIbI 


(IIpedcmaeaero axademuxom C. A. Xpucmuanoeuuem 5 III 1957) 


Hyxe OyyeT WaHo pelleHue B TwacTuyeckOH MOCTaHOBKe OHOM M3 Ksac- 
MUeCCKHX 3afay TeOPHH yipyrocTH —O pacipeseneHHH HanpaxeHHi Hu 
WeopMallMli B MVJIOCKOCTH, BbISBaHHbIX JeHCTBHEM COCpeOTOYCHHOH CHUIbI. 

_ IIpw ycwospuu mvockoh jepopMauHuH peuweHHe ynpyrow 3aqauH uMeeT 


Bug (*) 


__ P(8—2y)cos 9 _WwPi(t=2y)icos:0 ~ — P(t 2y)sin® 1 
4n(i—v) r ’ 96 = Ex (1 —v) ie wh ~ 4n(l—v) r ? (1) 


of = 


rye P—Bemmunia CHJIbl, OTHECCHHAA K eMHHNe TOJIUIMHbI NvIaCTHHKY; Y—KO9p- 
mpuuvent Ilyaccona; pactlomoxKeHHe MOJAPHEIX KOOPAMHAT NOKa3aHo Ha puce. |. 
Mckomoe pemenve yiipyro-nvacTHuecKoH saqaun Oyler NOCTpoeHO c yue- 
TOM MHHEMHOrO 3aKOHa YNPOUHeHHA B MwacTHyecKOH oOlacTH H HeCc?KHMae- 
MOCTH MaTepHasla B ynpyro MW MwacTHyecKOH OOacTax. 

| KommoneHtTpl HanpsxKeHHA MH JepopMallwu B yMpyrouw uM MmacrHyecKoH 06- 
\MACTAX JOJKHLI YOBMCTBOPATb CHCTeMe ypaBHeHHH paBHOBecuA 


a at Os , 1 9 
ep UN ae taeda OP iL dee oi Lk a (2) 
JH YCJIOBHIO COBMeCTHOCTH JedpopMalHi 
Oe, de, 0 ( 5 dey ay. 
rrmmbhon ecu GaCiea a oa (3) 


CBa3sb MexKy KOMMOHeHTaMH jleOpMallMH HM Hallps2KeHHA B MacrHye- 
|CKOH OOacTH 3anHcbIBaeTCA ypaBHeHHAMU 
b 
= — f= TF (s+ — 959); (4) 
) — nenspecTHaa (byHKIMA; QA yupyrok oOmactH b= 1. 

Tpanmunpie ycJioBud 3aauv CBOJATCA K OOpalleHHio HallpsxxKeHHOrO CO- 
CTOAHMA B HYJb Ha OeckoHeuHocTH. Ha rpanuue yipyrow HW MlacTHyeckou 
O6ulacTeH JO/JDKHO BBIMOJIHATbCA YCJIOBHe HEIPepbIBHOCTH KOMIMOHEHT , Hallpa-. 
KeHHA HW JepopmMalun u, KpomMe Toro, )=—1. WHTeHCHBHOCTh HalipA»keHHA 


iy 


S$; H HUHTCHCHBHOCTb jepopMaluu CABHra ¢; CBA3AHbl COOTHOINCHHEM 


oF] =a, (5) 


BbITCKAIONeM H3 ypaBHeHH (4). oe P 
Yupounenve Matepvavia anpoKCuMMpyeTca JMHeEHHOH pyHkunen 


CO; = 2ne; +p, (6) 
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rye mn W {~— KOHCTAaHTbI, CBASAHHbI€C 3aBHCHMOCTbIO 
ntp=l. (7 


KomMnoneHTbl Hallps2KeHHa uM cHwIa P OTHeCeHbI K BeJMYHHE Mpeed 
TeKYYCCTH Mp YHCTOM cAHre k, AKOMNOHEHTHI RetpopMaulH -— K BeJINYHHE k/G} 
Vickomyto cucTeMy KOMMOHEHT Hanps2xkeHHA B yMpyroH MW MMacTHYeCKOle 
o6mactax NosmyuuM, Monaraa B (1) v = 0,5 (ycaoBue HecxKHMaemocTH). Ilo} 
JIyuuM 


5 Gj St == 0; (8) 


a) 


rye BepXHHM 3HaK OTHOCHTCA K BepXHel, a HHK]P 

HHH —K HHKHeH MOJYMVIOCKOCTH. | 
Peas cucremy ypaBHenui (5), (6) u upyg 

HHMadA BO BHHMaHHe (9), HaxOqHM 


| obnaCrme, | 
pacmarkeHue 


TlomyyeHHoe pemwenve (8), (11) TouHce 
YAOBNeTBOpAeT ypaBHeHuaM (2), (3) H rpaHH4} 
Puc. 4 HbIM yCvIOBHAM. Tpanuueh MaacTuyeckol o6ma: 

_CTH ABJIAIOTCA [Ba Kpyra, KacaloulHecs B TOUKE 

mpuyioxKenua cub. J[uamerp Kpyra mwacTwyeckol COmacTH onpefemseTca Hel 
ypaBHeHua ; 


eG i P 

Ha puc. 1. nmacruueckad OOnacTb MpeycTaBleHa 3alITpHXOBaHHbIMH Kpy-€ 

raMu, Npuyem BepXHHi Kpyr MpeAcTaBuideT mulacTuyeckylo O6vIacCTb pactsaxKe-f 

HHA, a HWOKHAN — cxKaTHA. 

IlomyyeHHoe peuleHve ABIAeTCA’ OCOOOMeEHHEM yMpyro-nuacTuyecKol 3a-6 

aun JIA MOsYMICCKCCTH C COCpeAOTOYCHHOH CHO, MpHnO*KeHHOH Ha ee 
cBo6oqHOH_rpanuue (7). AepopmauHu B ynpyroh o6acTH UMeIOT BUY 


Sy = £9 => on . (13) 


VuctutyT mMexanuku I] 
Axkafemun nayK CCCP 1 “IE 1957 


UMTHPOBAHHAS JIMTEPATYPA 


1 A. JI +B, Matematuyeckaa Teopua ynpyroctn, 1933, crp. 220. 2 
HAM; 61, M1 (ots), ynpy , CTp K. H. Ulespueuxo, 


ATA 


Hornaye Akanemuu nayr CCCP 
1957. Tom 115, Ni 3 


PHSHKA 


C. WH. BPATHHCKMA 
O THMAX KOJIEBAHHH MJIA3MbI B MAFHHTHOM MOJIE 


(ITpedcmaénex6 axademuxom M. A. JIleonmoeuuem 18 I 1957) 


1. OcHOBHBIe ypaBHeHus. Maspie KkoneOaHua OMOpOsHoOt nia3MbI 
B MarHHTHOM [OJIe HeEOJHOKPaTHO pacCMaTPHBaIMCb KaK B TH posqHHamuye- 
CKOM TpHOwMKeHHH (117), TaK HC MOMOLIbIO KHHETHYECKOTO ypaBHeHHA (CM., 
HalipuMmep, (1%)). Tem He MeHee, NpeACTaBIseTCA MOMe3HbIM eHHbIM OOpasom 
paccMOTpeTb KONIeOaHHA BO BCeM J\Mamla3soHe YaCTOT JIA MpPOH3BOJbHOrO Ha- 
‘“TpaBJieHuA pacnpocTpaHeHuaA HU JVIMHbI BOJHbI C MOMOLLbIO MOJeuIH B Bue 
AByX 3apAXKeHHbIX HeabHbIX Ta3scB — 9JIEKTPOHHOrO HM WMOHHOTO. STO 103- 
BOJIA€T JaTb CHCTEMATH3ALLHIO Pa3VJIMUHbIX THNOB KOJIeOaHHH, a Tak»Ke Nowy- 
-4HTb HEKOTOpbie HOBbIe pesybTaTbl. ByemM UCXOAMTb W3 CHCTEMbI JIMHeapH30- 
'BaHHbIX PHApOAMHAMUMYECKUX ypaBHEHHH JA 2ICKTPOHOB HM HOHOB 


bo + po divv, = 0, (1) 
oor 0 1 
DaV oi == Coll (E er [vaHo }} — VPx 


Vujekc « oTMeuaeT COPT YaCTHU: «=e — 3JICKTPOHHI, a =i—HOHH. He- 
BOSMYILCHHbIe MZIOTHOCTH, KOHUCHTPallMH YaCTHL WM BHeLUHee MarHHTHOe None 
OTMe¥CHbI HHJCKCOM Hyvib. Kowe6sOulveCA BeJIMUHHbI: MVJIOIHOCTH py, CKO- 
PpOcTH V., WaBJIeHHA po. HW noma E, H npegnomaratotca Maapimu. Hesosmy- 
WleHHaA Mwa3Ma HeliTpawbHa. Mbl DpuMeM, H B 3TOM 3aKIOUaeTCA OCHOBHOe 
rpy6oe onyuleHve paccMaTPHBaeMOH TEOPHH, UTO BO3MYILeHHe aBJICEHHA eCTb 
CKavInp, CBASAHHbIM C BO3SMYUICHHeM IVIOTHOCTH OObIYHEIM JWIA HMea/bHoro 
ra3a COOTHOLUIeHHeM 


Px = C2 Oa, (2) 


rye c2 = Op./0o, = t.T+/msz; T2 —Temnepatypa; m,—Macca yacTH 4; 
Yo — KOXPPHUKEHT NMOpAAKa CMHULbI, HMCIOWMHA CMbICJ] NOKasaTeA ajna- 
Oath (apcbekTHBHOrO). YpaBHenua (1) culefyeT pelllaTb COMeCTHO C yPpaBHe- 
HuaMH Makcpe.ia. 

PaccMoTpHM MOCKyIO MOHOXpoMaTHuecKy!0 BOJIHy. B He BCe BeMUMHBI 
MeHAIOTCA MpOMOpunOHabHo e!(kr—of), pak YTO MOMKHO 3aMe€HHTb B yPpaBHe- 
Huax 0 Ot Ha —iw uv vy Ha tk. IcksmouwB c MOMOULbIO He COosep*KalllHX 
ppemeHu ypaBHenuii Maxkcpesna 2 Beanunnbl (Hampumep (KE) u (kH)), mo- 
JYYMM Jia OCTaNbHbIxX 12 BeMMYHH (9:1, Pe, Vi, Ve, [KE], [kH]) cucremy og- 
HOPOJHIX ypaBHeHHH Bua iof =..., re MpaBbie yacTH He COMepxKaT 4a- 
croThl. IIipnpaBHaB HyJI0 jeTePMHHAHT CHCTEMBI, MOJyYHM [MCMepCHOHHOe 
ypapHenne. Ono 12-H creneHu NO w, HO TaK KaK MBI He Y4HTHIBAeM HHKa- 
KHX J\MCCHNaTHBHbIX MpoueccoB, TO HCHOJIb3yeMble ypaBHeHHA OOpaTHMpl, 
NOITOMY B J{HCMePpCHOHHOe ypaBHeHHe BXOJHT HeMOCpeCTBEHHO He @, a w*, 
Takum o6pa3om, B OOlleM cylyyae nouyyaem 6 BerTBeli pyHKUHH w” (k). IIpax- 
THUeCKH yOOHee PaCNONOXKUTb BbIYHCJICHHA HECKOJIbKO HHaue. BmecTo cko- 
pocteli HOHOB HW 3JJeKTPOHOB BBeJleM CKOPOCTb MaCCbI V H OTHOCHTCJIbHYyIO 
CKOpocTb u=Vi— Ve. Bce BevIHNHHI JerkO BbipaxkaloTcA uepes u H (kv), 
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AIA KOTOPBIX NOJTYUaIOTCH YPpaBHeHHA 


o? (@? — oF — ck?) 


(o? — w2 — c2k?) wy + uw, — fo@Q, [hu] + 


ao? — c?k? 
+ iQ, [hv 1] -+ 08 [h [hu] ] + cok? = 0; (3) | 
(o? — ck?) vy + pioQ, [hu]; + pc2k?u; = 0. (4) ) 
Syecb h =H)/Hy. 3Haukom | OTMEC4eHbI COCTABJIAIONIMe BEKTOPOB, nleprleHquKy- 
aspube k, a 3Haukom || — apaasembuble. BpeqeHb! OOo3HaueHHA . 
on = Ame*Neltite, Sle—= Clio] mec, co = C260 + co, f= p2 / 02. (5); 


B xoatcbuuuentax ypaBHeHHH MbI MpeHeOperwM awleHaMu NopsAyKa p 10 CpaB- 
HeHMIO C equHuueli. Oc KoopqunaT OyyeM BbIOMpaTb Tak, UTOOHI BeKTOp ky 
6bll HallpaBJleH BAONb OcH x HM 4TOORI Ay = 0. ‘ 
2. Baeokue uvactotn. Jaa ynpomeHHa JlasbHeHUIMX BbINMCICHHAAE 
OyeM CUHTATb, YTO JIAPMOPOBCKad SJIeEKTpOHHaA yacTOTa Maia TlO CpaBHe- 
HHIO C JICHTMIOPOBCKOH: 


O02 < Wo- (6) y 


STO Mpemnoo*KenHHve CipaBeVIMBO, CCH MarHHTHad SHeEprHA He CJIMUIKOMR 
CHIbHO MpeBocxoguT sHepruto vacTun: QF 'w5 = (Ho/4xp¢ Ce) (c2/c?) <1. } 

Ycuosue (6) NpHBO,MT K TOMY, 4TO H3 WeCTH KOpHeH JucnepcHOHHOrO} 
ypaBHeHHA TPH OKa3biBaloTCA Oovbiuero NOPpAAKa BeMUMHbI, YEM TPH Apy- 
rux. B BbiCOKOWAaCTOTHbIX KOJIeEOAHHAX J[BH2KeCHHEM HOHOB MOXKHO IIpeHe- 
6peub, H Mbl NOJyY4YHM HX C NOMOMbIO ypaBHeHHA (3), TO0KHB B Hem p =O, 
v=0. J[ucnepcvoHHoe ypaBHeHHue NPHHMMaeT BU] 


(co? — of) (0? — 02)? — 03 [har (0? — 08) (0? — c2R*)? + 


+ 3 (wo? — af) (@? — k2)] = 0, (7)) 

rye . 
Oo? = @2 + C2k?; (8) 
wo = 2 + CR, (9)) 


Ypasnenne (7) yerBeprok cTemeHv 10 w*, HO JMLlIb TPH KOpHA ompee- 
JisioTca UM BepHo. Uerseptaiii kopedb Mam (~2), on He BO BCeX cuyuadx 
TIpaBHJIbHO OllpeyeAeTCA ypaBHeHveM (7) H OyyeT paccmoTpeH HH Ke. UTOOHI 
NOJYYATb MpOCcTbIe ABHBI€ BbIPAKeHHA VIA TpeX «OOMbIUIMX» KOPHeH pac+ 


CMOTPHM IIpefeJIbHBIC CYA MaJIbIX HM OOJbUIMX HH BOJIH, MpHyeM poOJb 
XapakTepHOH JWIMHbI urpaer 


a = (C?/aQ,)'h. (10)| 

A. Kopotkue Boaubt. IIpu a’k? 1 ypasnenne (7) umeeT KopHH 

2 2 7,2 2 
ow = we + O2 hz (1 — «,/c?k?); (11) 
2 

OF = Wp + W Qe, (1 + C2R?/ap)*h. (12) 
Kopenb (11) coorsercrayeT MpOfOubHEIM 9CKTPOHHEIM Ta3MeHHbIM BOs! 
Ham. Hx 9Heprus cocpeqoTO"¥eHa B OCHOBHOM B 93JIeKTPHUecKOM Tose, B KH-| 
HeTHYCCKOH SHEPrHH SJICKTPOHOB WM B WX JaBJICHHH. QIeKTpOMarHHTHbIe BOJ- 
HbI B Ivla3Me (HanpHMep cBeT) O6aqaioT Auctepcnelt (12). Ogun u3 KopHed 


(12) orgeyaer KoneOaHHaM, MMeIOULUM mpaBylo KpyroBylo NO/IApH3allui,| 
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| apyron — EBS Sueprua KoOweOaHHH 3aKvNOUeHAa B QJIEKTPOMarHA THOM Tove 
MB KHHeTHYeCKOH IHEPrHu SJIEKTPOHOB. 


B. Anauuupe pone. pu ak?< 1 xKopun (7) pasust 
: wo = w, + hic? k?; (13) 
2 = 04 + Qe. (14) 


B komeOanuax, Npowcxoxamux c uacroroit (13), sweKTponbl ABMKYyTCH 
TlaBHbIM OOpa30M BOJIb MarHHTHbIX CHJIOBbIX JIMHWH, a B KOMeOaHHAx 
(14) — B MuiockocTH, NepneHAMKYApHOM MarHHTHbIM CHJIOBbIM JIMHHAM, TIpH- 
YeM B 9STOH MMOCKOCTH OHO H3 KONeOaHHH (14) o6maqaer NpaBow KpyroBolk 
NOJApH3alueh, a Apyroe — JIeBol. OQueprua KoseOaHui BO BCeX Tpex culy- 
yaix COCpefOTONeHa TaBHbIM OOpasoM B aJI€KT PHYECKOM noe H B KHHeTH- 
YeCKOH SHEPrHH JJIeCKTPOHOB. 

- 38. Hu3Kkue uwactrorn. Huskouacrorupe BeTBH Halijqem, cyenaB mpen- 
MOO*KeHHE (NOATBEPKfaeMoe Pe3y/IbTATOM), YTO w<K w®, wo << ck. I po- 
eKTHpya (3) Ha Ocb x, Jerko yOequTbca, 4TO Uy Mavio. HusKkouacTOTHpIe 
KONeOaHHA, TAKHM OOpasoM, ABJIAIOTCA KBA3HHEHTPaJIbHbIMM, MX C ocTa- 
TOYHOH TOUHOCTbIO MOXKHO PpacCCMaTPHBaTb, NpeHeOperan OGBeMHbIM 3apsafoM 
HM TOKOM CMelleHHA. OOosHauHM 


= 02/c%R® = 1 + w2/c2h?; (15) 


0 = pQ6E/x. (16) 
JiucnepcHvouHoe ypaBHeHve HMeeT BUI 
(co? — 0G Az) [ot — 2 (Q5 + cok?) + 09 Ai Cok®] —px)t QG AZo? (wo? — cok) = 0. 
(17) 


TouHble MpocTble BbIpaKeHHA IA KopHelt (17) nosyuatoTca, ecau hy = 1} 
umn h,=0. 
I]pu pacnpocrpaHeHHu BOWHbi BAOJb MarHuTHOrTO oA (hy = 1) MMeem 


2 


We 
22h wo = 2 (ux + 1, 4+ Vex + a) - (18) 
IIpu pacnpoctpaHenuu nonepek MarHuTHOoro nova (hy = 0) umeem 
w = Ck? +03; wo =—0; wo =0. (19) 


Uro6nh HaliTH yacTOTbh! IPH MpOH3BO.IbHOM HallpaBJIeHHH paciipocTpaHenuaA, 
PpacCMOTpHM [Ba MpejeybHbIxX Ccvlyuas. 
A. anuuble Boawun. Tlycrh px >> 1. B stom cayyae w2/c?k® > 1, 


TaK YTO 3TO YCJIOBHe 9KBHBaJIeHTHO bk? << 1, rye 


5? == p; c?/4ne?n?. (20) 

KopuHu AucnepcvonHoro ypaBHenua (17) npHOnwxKeHHO paBHbl 
wo? = O2 42 ~c% (hk)?, rye ca = H9/4n05; (21) 
oF = Yc tod V/ ch + 05 + 2cac5 (1 — 2h%)] fe. (22) 


Tleppuiit 43 3THX KOpHeit cooTBeTcTByeT BOHaM Avib(ppeliHa, Ba ypy- 
PMX — MarHHTHO-3BYKOBbIM BOJIHaM, HCCJIeOBaBLIHMCA B (* *). 
B. Kopotkue BOJHBI. [lycrs ux< 1, Mp 93TOM MOxeT ObITb 


o, /C?k2?=1. B strom ciyuae KOPHH AMCMepCHOHHOrO ypaBHeHusA NpHO.1m2KeHHO 
paBHbl 


2 uxQsne = OF he, Tae QreiHy mic; (23) 


oo? =1/, [O3H2 / px +O2+ eR 2V (Oshe / p+ OG+-cpe?)?—Acok2QGh: / px]. (24) 
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UYacrora (23) coorBercTByeT BOJIHaM, KOTOPbI€ MOXKHO Ha8BaTb MOHHEIMH | 
PHPOMarHuTHBIMH. QHeprusd STHX BOJIH CocpefoToueHa, TPaBHbIM o6pasom, | 
B KHH€THYCCKOM SHEPrHH HOHOB, KOTOPbIe ABMXKYTCH NO OKPYKHOCTAM B MJIOCKO- 
CTH, NepneH{UKYJAPHOH BOJIHOBOMy BeKTOpy (a He MarHuTHOMy momo), Tak 8 
UTO BbITIOJIHAeTCH YCMOBHE KBaSHHEHTpabHOCTH MasMbl. B caOoM MarHHTHOM 9 


nome (Q.<x®cok?) oH u3 KopHelt (24) COOTBeETCTBYeT BOJIHaM, KOTOPBIe 
ONW3KU K 3BYKOBBIM ow = c2k? (mompaBka K C?k* dopmyvla (24) He jaerT). | 


I[pyro% Kopenb w? = QEhi/%? coorsercTByeT KoeOaHHAM, B KOTOPBIX BeK~ ff 
ropbt H wu MapaJienbHbl MW MMeIOT KPyPOBy!O NOJIApHsaWHio. DHeEpruA STHX 
KoueOaHHl npn w?/c°’k? S>1 cocpesoTouena TVIaBHBIM o6pa30M B MarHHTHOM 


nome, a npu w./c2k? 2 1—B MarHuTHOM Nose HM B KHHeTHYeECKOM SHeprHy 
QJIEKTPOHOB, TaK UTO ECTECTBEHHO Ha3bIBATb 9TH KOJIeOAHHA MAPHHTO-3JIEKTPOH- 


€ 2 o 
HpiMH. B cubHom noe (QF S>x2cpk?) mpu Ay S> px Tak>%Ke OJMH M3 KOpHer 


24,2 
w? = ck? COOTBETCTBYeT S3BYKOBbIM, a [pyro w? = Q-h,/~? — MarHuTo- 
QJICKTPOHHBIM KOsIeOaHHaM. Ecum Ke HallpaBJieHWe paclipOcTpaHeHHA OYeHb 


6H3KO K HanpaBseHHIo MarHuTHoro roms (h;<px< 1), To nepBolli KOpeHb 


cTpeMHTCA K HyvllO, a BTOpod K QF + cok?. OOa KOvleOaHHA pH TOM 3HaUHTeWIb- 
HO YCJIOXKHAIOTCA, IPHYEM B HUX CYL[ECTBCHHO yUACTBYWT H HOHSI, HW 3JIEKTPOHBI. | 

KopotTKue MarHuTO-rHAposqHHaMHyecKHe BOJIHbI CYWLECTBeEHHO OTJIM¥AIOTCA JO 
OT JWIMHHbIX. STO MOKa3bIBaeT, UTO OGbINHBIE YpaBHeCHHA MarHHTHOH THpo- 
J\MHaMHKH, DPHBoaulMe (pH SecKOHeEYHOM NpOBOAMMOCTH) K KapTHHe «BMO- & 
PO%KCHHbIX» M@PHHTHbIX CHJIOBbIX JIMHHHM MW K BbIparkeHHsaM (21), (22), Hecmpa- - 
BeJJIMBbI JIA JVJIMH, MeHbIUMX 0. 

VutepecHo cpaBHuTb 0b c AMHOM cBo6o_Horo mpobera uacTuu. Tlom0%*KHB 
L=1/nos, nomyuum 1/6 = (4ne? /9,c?s)'2. Ecam npHnatb s ~ 10°14 cm — ceue- 
HHe€ KYJIOHOBCKHX CTOJIKHOBeHHAH pH TeMMepaType HECKOMbKO 9JIEKTPOHBOJIbT, 
TO Jin BOROpOAHOH via3sMbr asTo jaeT 1/5 ~ (10!8/2,)'2. Takum o6pa3om, 
MOFYyT OCYINeCTBATbCA O6a cuyUaA: B MMOTHOH nwa3sMe 1< 6, B peykonul > bd. 

CpaBHHM BO3MOXHbe THMbI KOveOaHvH MpW HasIMYHH UM B OTCYTCTBHE 
BHeWHeroO MarHuTHoroO novia. IIpu Hy =O B Twa3Me BO3MOKHbI TIpOOuIbHbIe 
QJIEKTPOHHbIe€ BOWHbI (@ = &,), NOMCPeUHble BIEKTPOMATHUTHbIe BOJIHbI C BYMA 
He3aBHCMMbIMH HallpaBJIeHHAMH NOVApH3alHH (YacTOTa ® =, JBYKpaTHO 
BbIPOKMeHa) H 3BYKOBbIE BOJHbI (@ = Cok). Kpome Toro, BO3MO%KHbI CTallHo- 
HapHble€ CKOJibKCHMA B HallpaBJieHHAX, NePNCHAMKYJIAPHbIX BOJIHOBOMY BeKTOPy 
(o = 0). Uacrora w =O BbIpoxfeHa YeTbIPeXKpaTHO, TaK KaK HMeloTCA Ba 
cOpTa 4acTHL HW [Ba HeSaBHCHMBIX HallpaBNeHHA CKONbKeHHH. B mMarHuTHOM 
nose TAKHE CKOJIbXKEHHA BO3MOXKHEI TOMbKO NpH k | H; mpu Apyrux Hanpas- 
JIGHHAX k OHH «3aKPYUMBalOTCA) MaAPHUTHBIM MOVIeM HM JaloT Ba JONOHUTeIbHBIX 
Tula KovIeOaHHi (Be BeTBH w*). IlepBble ueTHIPe BeTBH TOKE UCKaxKalorTca, 
B WaCTHOCTH CHHM@eCTCA BbIPOKJCHHE YACTOTH! ay. 

Astop Oviarojaput A. Ka3anuepa 3a movlesHyi0 JMCKYCCHWO. 


Iloctynuso 
20 XII 1956 
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Honsaygn Akaygemuu nayr CCCP 
1957. Tom 115, Ne 3 


PH3SHKA 


MW. FT. ACMAWJI3AE 


PEHTTEHOFPA®HYUECKOE HCCJIEXOBAHWE BJIMAHHSA 
OMHOCTOPOHHErO JABJIEHHA HA CTPYKTYPY 
NOJIMKPHCTAJIJIMN4YECKOrO THTAHATA BAPHSA 


(ITpedcmaeanexo axademuxom H. B. Beaoeeim 12 III] 1957) 


Benuunna MaieKTpHuecKol MpOHHWaemMocTH THTaHaTa OapHa 3aMeTHO H3Me- 
HAeTCA NOM MeHCTBHEM Pa3JIMUHbIX (PPU3SHYeCKHX CPaKTOPOB, OAHUM U3 KOTOPbIX 
ABJIACTCA JaBslenue. BMAHNe PHAPOCTAaTHYeCKOrO LaBJeHHA Ha AMZJIEKTPNYeCKHe 
CBOHCTBa THTaHaTa Oapua BrepBble HcceqoBaHo B.M. Byviom u JI. ®. Bepemaru- 
HbIM ('). OHH MOKa3aJIM, YTO IPH KOMHATHOM Temnepatype ero AuaeKTpHYuecKaA 
IIPOHMWaeMOCTb pacTeT C yBeJIHYeHHeM aBseHHA. Bsauanne ruspoctraTuyeckoro 
WaBseHua Ha TouKy Kiopu MOHOKpHCTasa THTaHaTa Oapua u3yyeHo Mepuem 
(?), OOHapy2KHBUIMM JIMHeHHOe CMemleHHe TOUKH Kiopu B CTOpoHy Oouee HU3KHX 
Temnepatyp co cKopocthio 5,8-10°° rpan/ar. 

_ JleficrBue MexanMyecKkoro JaBuieHus (cxKaTUA) NepMeHAMKYIAPHO K NOBepx- 
HOCTAM 3/IeKTpoqoB Kepamuku BaTiO, u3sysyanu Taraku, CaBaryun u AxkuoKa 
(?). OHM NoKa3asIM, YTO MPH STHX YCMOBUAX JMeCKTpU4eCKad MPOHHWaeMocTh 
MagaeT c poctom Japsenua. Uupane u Cato (4) ucceqoBain BAMAHMe ruspocta- 
TH4ecKOrO HM MexaHHyecKorO (OAHOCTOPOHHErO) AaBJeHHH Ha MIVIeKTPHYecKHe 
cBolicTtBa Kepamuku BaTiO; u TBepAbIx pacTBopoB BaTiO; u SrTiOg3. Bpiuio yera- 
HOBJICHO, YTO IPH OMHOCTOPOHHeM aBseHHH (fo 600 KI/cm?), HanpaBJIeHHOM Ma- 
PaJJIEMbHO MOBEPXHOCTAM JICKTPOMOB H NepneHAHKYJIAPHO K HMM, B IIPOTHBONO- 
JOMKHOCTh PUAPOCTaTHYeCKOMY aBJICHHIO, C POCTOM JaBJIeHHA HM*Ke TOUKH Kiopu 
TMdsIeKTPHYeCKaA MPOHHWLaeMOCTb YMEHbIUIaeTCA, a BbILUe yBeMUMBaeTcA. Takxe 
ObIIO OGHAPY2KeHO, YTO C YBEIHYCHHEM OJHOCTOPOHHErO aBJIeHHA TeMNepaTypa 
Kiopu mosbiuaetca co cKopoctpio dT/dp = 4,0-10°% rpag-cm?/KI. Tosauee 3a- 
BHCHMOCTb JH3JIEKTPHYeCKUX CBOHCTB KeEPaMHKH CerHeTOSJICKTPUKAa OT OJHOCTO- 
pouHero JaBeHua ucceqoBasnu E. B. Cunaxos u V1. A. Moxax (°), nomyuuBuime 
aHaJIOPHYHble + pe3yJIbTaTHI. 

B wactoasmel padore Mbl NOCcTaBHJIH CeOe Leb IPOBeCTH HccIeqOBaHue CerHe- 
TOIICKTPHKOB NO JaBsenueM. 

Bausanne ofvocropouuero JaBlenua nopazKka 600—1000 xI’/cm? na crpyKtypy 
TUTaHaTa OapuaA ABAAeTCH TOHKHM S(pPeKTOM, H MOTOMY HCMO/Ib30BaHve OObIU- 
Horo cbororpacbuyecKoro MeTONa PCHTTeHOCTPYKTYPHOFO aHasu3sa Hellenecoobpas3- 
HO. Ilo sToli NpHUHHe MbI MpPOBeH HUCCeEMOBaHMe C NOMOUIbIO HOHH3aAlHOHHOPO Me- 
Toa Ha peHTrenoscKo yctanopKe YPC-50-H. Hamu Obiia cKoncTpyuposa- 
Ha lIpocTad pedTTeHOBCKasA FOHHOMeTPHYeCKaA FOMOBKA, NOSBONAIOMAA NOABep- 
rath uccmehyemblli OOpasel, C2xKAaTHIO B HaNpaBsenun ocu ronoBKu. JLaBseHne 
co3qaeTcA C MOMOMIbIO pblyaxKHO! cucTeMbI c cooTHOWeHHeM med 1:10, Tou- 
HOCTbh H3MepeHHA aBMeHHA paBHa mpumMepHo 3 — 5%. TomoBKa AaeT BO3MOX- 
HOCTb TlepemellaTb MCCeyeMoe BeMeECTBO B ABYX B3aMMHO-NepleHAMKyJIAPHBIX 
HalpaBJIeHHAX. f 

O6dpaser THTaHaTa Gapua ObIM MpHrOTOBNeH B Bue OTHWIMPOBAaHHOM TpAMoO- 
YroMbHOH MlacTHHKH C MvowlaqbIo Monepeyworo ceyeHua 2 MM’. Pasmeppi 
WJlaCTHHKM W3MepAIMCb C MOMOLIbIO H3MePHTebHOrO MHMKPOCKONA. 
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Bce peHTreHOCbeMKH MIPONSBOAMINCb Ha OTPUMbTPOBAHHOM MeJHOM u3sy4e ly 
HHH [IPH COBEPWCHHO OMMHAKOBbIX YCIOBHAX: IPH CTAOMJIM3HPOBAHHOM aHOAHONA 
Toke 6 Ma HW yCKOpsiomleM HanpsxeHuH 36 KB (TeMMepaTypa KOMHaTHAs)). 4 0 

Jia nomyueHusa BbICOKOM TOUHOCTH KaxKblli AudppakWHOHHbIM MaKCHgy 
MyM CHMMasica mo Toukam. Uepes onpefemeHHble HHTepBaJIbl YrIOB OTpale 
*KeHUA § H3MePssOCb YHCMIO UMNYysIbCOB 3a 15 u 32 cex. [Ip Karo yrule NpOdE 
H3BoNM0ch 5 — 10 u3smepenuli, H AA NocTpoeHua AuppakUHOHHbIX MaKCH je 


130 


(110)+ (ON) 
ral 


120 


140 


& S = 
Ss S 


SS 


Yucno umnynecob 3a 32cek. 


Yucno umnynbcob 3a 15 cek. 


8 


40 60 
15.35 ao 50' 55° 16°00" 5° DW 5 10 18 20 25 a as 40" 
8 —_—_—_>- 
Pue. 1 Pue, 2 


Puc.1. Tubppakuvounprit Makcumym BaTiOg ot (110)+-(011) 6e3 qaBnenna (1) u noX 
naspnenvem 1000 KT icm? (2 
Puc. 2. Jucdcdpakuuonnpie Maxcumymbl BaTiOs or (002) nm (200) 6e3 aBneHna 
1) u nog gapnenuem 1000 xI/cm? (2) 


MYMOB Opaslocb cpeyHeapHdmTuyecKoe 3HaveHHe HMMysbcos 3a 15 cek. (qaay 
otTpaxkeuna (110)) u 32 cex. 


Bce MaKCHMYyMbI CHHMaJIHCb 4eTEIPe Pa3a B CeMyOuleM NopsKe: 6e3 AaBue- | 
HHA, NO WaBseHueM, 6e3 WaBeHHA, Nol JaBmenuem. I]pu 9ToM BcAKHH pas WA 
KaKJOro YCJIOBHA NOJyuaHCb COOTBETCTBEHHO OHH H Te 2Ke pe3yIbTATHI. 


WAG gmuMier 


IIpupamenve yraa 0 (B MHHyTax) 


(110)+ 


Japnenne (044) 


(200) (002) (301) (103) (224) 


700 xP jem? |—1,0 |4+4,0 |-1,5 |+4,5 |-2,5 | —4,0 
{000° iI /end (22 Oata4s 542 ine eel 


Takum o6pa30mM nocTpoeHn! AudppakuHoHHble MaKCHMYMBI OT mslocKocTeli 
(110)+-(011), (200), (002), (103), (301) u (224) 6e3 naBneHusa u MOg OMNOCTOpOE- » 
HuM JapsneHuem 700 KI’/cm?, a ua maocKocrel (110)+-(011) u (200) u (002) — 


elle H Hox ZaBmenuem 1000 xI/cm? (puc. 1 —4). Pesyabrate! cpaBHenua nomy- 
YeHHbIX KPHBbIX MpHBeseHbI B Tau. 1. 
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 W3 Tra61uubl BHUAHO, TO: 


JIMUMBArIOTCHA. 


S 


rs 
8 


Yucno umnynecod 3a 32 cek 
Sin oes 


8 


56585 45°55! 3705-1525" F5' 


— 


Puce. 3 


Yucno umnynscob 3a 32 cek 


699045" 50 55° 70°00" 


—— 


Puc. 4 


1. B orpaxkeHuax oT muiocKkoctel (200) x (301) Toy BIMAHMeM JaBneHHA Lud- 
PAKI[HOHHbIe MAKCHMYMbI CMeUaIOTCA B CTOPOHY OOMbUIMX yrvlOB, Tora Kak 

makcumymp! (002), (103) u (224) cmemarorcA B CTOPOHY MeHbUIMX yrsos J. | 
2. C pocToM JaBJIeHHA aOCOJIOTHbIe BeJIMYHHbI CMeLeHHM M&aKCHMYMOB!.ype- 


Puc. 3. Judppakunon Here Makcumymbl BaTiOs ot (103) u (3801) 6e3 
Rapsenua (/) 4noq Zapsexnuem 700 xI/cm? (2) 
Puc. 4. Tuddpakuuounbifi Makcumym BaTiQOs or (224) 6e3 RaBleHHA 
(J) # nox AapneHvem 700KI/cm? (2) 


Cmemenue 2uddbpakuuoHHEIx MaKkcumymos (200) un (301) B cropony SompmAx 
yriop 9 ykKa3bIBaeT Ha TO, UTO NO BJIMAHHEM OMHOCTOPOHHErO JaBJICHHA B pe- 
WeTKe THTaHaTa OapHa Nepvod a HeECKOJIbKO yKopauuBaetca. CMeleHne MaKCUMy- 
moB (002) u (103) B cTopoHyY MeHbIUMX yrul0B, HaOOOpoT, OOycJIOBeHO yBemMue- 


Ta6Omuua 2 


| Aa = Ab, A i Ac, A t 
Tapaenne, . 5 
KT Jem vs (200) | 7 (i) ™ ES wa (002) | * (fs) aie a 
—- — 3,9935 —— 4 ,0325 4 ,0098 
700 —0,0026 |—0,002 | 3,9915 {40,0042 |4+0,004 | 4,0385 41,0113 
1000 —0,004 — 3, 9895 +0 ,006 4,0385 41,0123 


HueM nepvora c. IIpupamenusanepnofos Aaxu Ac BplyncseHb! C NOMOLIbIO BEIpa- 
*KeHHA: 
22 h2 + fe [2 


~~ 4sin @cos 0 


MW lipHBexenb B Tad. 2. 

Takum o6pa3om, B pemetTke BaTiO, nox BJIMAHMeM OHOCTOPOHHErO JaBJIeHHA 
nepvosp a u b yKopauuBaiwrcs, Torga kak Nepvo c yBeJIMUMBaeTCA. ITO NPHBO- 
IMT K YBeMMUEHMIO. TeTPparOHaJIbHOCTH pelleTKH C/a. 

Bausduve ofHocTOpoHHero JaBsIeHHA HaCTpyKTypy THTAHaTa OaplA MOXKHO 
YACHHTb, HCXOJA H3 BbIPAKeHHA Din CBOOOAHOM 9HEPrHH CHCTEMbI. 

Vispectuo, uTo fuddbepentival CBOOOAHOM SHEP PaBeH 


dF = — pdv— Sd. (2) 
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Jina W30TepMHYeCKOrTO Tpowecca, KOTOPbIH MMeeT MeCTO B HallleM CJ1yuae. 


Lia Wah Ka ody Se Moa )| 
p=—(ar)e (ae)e=— Cao) Caer <°- a 
Tax kak dp>0, to du<0,T. e. B OOmeM Cuyuae IIpH NOCTOAHHOH TeMMepaType 


Of MelicTBHeM OMHOCTOPOHHErO MaBeHHA NIpHpaleHue OObeMa S/IeEMeHTAPHOH |} 
aueliku OyyeT oTpuliaTeibHo. JIA TeTparoHaJIbHOH AYeHKH 


Av = 2ac Aa+a? Ac<0 ua 


Pvaes (4) | 


Jina BaTiO, MoxHo DpHHATD, uTO a=c, Torfa |Aa | >Ac /2, T. e. HAaMMeHB- | 
Wand aOcOOTHAA BeIMYHHA NpHpauleHusa nepHosa a(b) paBya Ac/2, uTo cooTBeT- f 
cTByet Av = 0. . 

Kak noKa3bIBaloT NOJIYYeHHbIe HAMM JaHHble (Tab. 2), B mpemeax OWMOOK 
OMbITa, M0-BHAMMOMy, 3TOT CJlyuali uMeeT y Hac MecTo. IlosTOMy MO2KHO CKa3aTb, ¢ 
YTO MIO, OMHOCTOPOHHHM JlaBsleHHem nopsfKka 700—1000 KI/cm? npv KOMHaTHOH § 
Temiepatype OObeM 3S/IeMeHTapHOH sAueliKH nomMKpHcTanmuueckoro BaTiO34 
IIpakTM4ecKM He H3MeHAeTCH, TOrMa KaK TETPaFOHAJIbHOCTh pewieTKH C/A BO3- 
pactaer. 

Cmemenve TouKu Kriopu pv OMHOCTOPOHHEM C2KaTHH B CTOPOHY OOJbIUIHX TeM- 
mepatyp (4, °) o6ycmoBmeHO yBeMYeHHeM TeTParOHaJIbHOCTH C/a PeLeTKH THTA- ¥ 
Hata Oapua. JlelicTBHTeIbHO, yBeIMYeHHe NepHosa c H YMeHbUIeHHe MepHOAOB 
au 6 3aTpyJHAeT nepexoy K KYONYECKON peulerTKe, T. €. NOX OMHOCTOPOHHUM JaB- 
JICHHeM JIA (—basoBoro NepexoAa OT TeETParoOHaJIbHOH pelleTKH K KyOuYeCKON Mo- 
TpeOyerca Oosee BLICOKaA TemMepaTypa 

Astop BblpaxkaeT OvlaroqapHocts mpod. JI.C. Maaniy 3a o6cyxeHHe pesyuIb- tf 
TATOB WM IeCHHbIe COBETHI. 

VUuctutyT nebru Tloctynu.to 
Akayemun nayk A3ep6CCP 6 VIL 1957 


UMTHPOBAHHAA JIMTEPATYPA 
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Jlokaann Akagemun nayr CCCP 
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PH3SHKA 


M. C. KOCMAH u 9. B. BYPCHAH 
OKPAHIMBAHHE MOCHOKPHCTAJIJIOB BaTiO, 
(IIp2dcmae.neno axademuxom A. ©. Hedde 18 II 1957) 


MspecTHOo, 4TO B pe3YyJIbTAaTe BLIPAalllMBaHHA MOHOKPHCTaJIJIOB MeTaTHTaHaTa 
PAPUA MOMYUaOTCA KPHCTAVIbI OT CBETJIO-2KENTOFO 1O TEMHO-KOPHYHEBOLO, MOUTH 
tepHoro OTTeHKOB. Hamu Oblio COHapy2KeHO, ITO NPHpoOfa OKpacKH 3ZTHX KpU- 
ETaWIOB OM3Ka K NpHpoke OKpaliMBaHHA MWeIOUHO-FraJIOMJHbIX KPHCTaJVIOB u 
PANO ABIX Cosel cepedpa. M3menenne uBeTa NOJIMKPHCTa/IM4eCKUX OOpasloB — 
TouepHeHHe — B pesyJIbTaTe pxa BOSMelCTBUM y2Ke OTMeHasOCcb ('). To novepHe- 
iWe CBA3AHO C YaCTHUHbIM BOCCTAHOBJICHHEM H BbIJeJICHHeM MeTaJJIa, UTO, eCTECT- 
®CHHO, NOBbILMaeT MPOBOAMMOCTh H BuleyueT 3a COOOH U3SMeHeEHHe APyrux deKTpH- 
meCKUX NapaMeTpoB. OOHapy2KeHHOe HaMH OKPAaLHBaHNe MpoTeKaeT HHAYe UH AB- 
IA€TCA UHCTO PH3HYeCKHM MpoOleccoM, CBA3AHHbIM C MepeMellleHveM HOCHTesel 
‘0Ka. 

OG6pa3ibl USrOTOBJIANIMCb MeTojoM Matrvaca, HO COOTHOIIe€HHE KOMIOHeHT 
\IMXTbI BAPbupOBasOcb (?). KpucTaJibl BbIPAaCTaJIM B BUMe MIOCKAX TPeyroJIbHH- 
KOB, IIPAMOYYFOJIbHbIX NapadesenunesoB WIM KYOOB. BHeWwHHH BUA, UBeT 4 cbopma 
XPHCTAaJJIOB CHJIbHO 3aBHCeJIM OT COCTABa LIMXTbI MH YCJIOBHH BbIpamMBanna. Ilo 
CBOMM Ce€rHeTORJICKTPHYCCKHM CBOHCTBAM KPHCTAaJJIbI HE OTJIMYAIHCb OT ONMCaH- 
HbIX B uTepaType. Jia onTHYeCKHX H3MepeHHi BLIOMPaJINCb MIaCTHHKH C MJIOCKO- 
[apaIebHbIMM PpaHAMH, MO BO3MOXHOCTH He COsepxKallNe BHYTPCHHUX epek- 
TOB, KOTOPbI€ MOPVJIH Ob! BLISBaTb paccesHue. IlormomjeHHe H3MepANOCb CNeKTpo- 
iporomerpom C®-4. 

| Ha puc. 1 kpuBaa A faer cneKTp MorsomjeHuA MOHOKpHcTana 6y- 
poro OTTeHKa, mpMoOpereHHoro uM elle B Npolecce BbIpalMBaHHA. SatTem 
KPUCTaJI MpoOKasIMBasICA B BOMOpore upu 1000° uu npocTo B BoccTaHaBJIMBal0- 
Me YacTH MIaMeHH CNMPTOBKH, B pe3yJIbTATe OH CTAHOBHVJICA MOUTH NPO3pauHbIM 
iC JICfKHM XKEJITbIM OTTCHKOM, CIIEKTP MOrouleHuA aH KpuBoH B. B stom cay- 
wae Hall JaHHble MOUTH COBMaaiwT C NomyyeHHbIMU panee (*). [locne npoKkasnu- 
BAHUA Ha BOSLYXe HIM B KHCIOPOe KPUCTAJJIbI BHOBb IpvoOOperaroT KOPHYHEBO- 
iKpacHbi wBeT (kpuBasa C). Ilo ahanoruu c WeOUHO-rasIOHAHbIMM KPHCTaJJlaMu 
i9TO OKPallMBaHWe MOXKHO Ha3BaTb a MTHBHbIM. 

Oxpacka MojleM, M3BeCTHAaA B IWeOUHO-ravIOMTHBIX KPHCTaMax, HaOwt0- 
Maetca uw B BaTiO;. Ecau MoHOKpucTad TOMMHON OKOO 1,5 MM OOecuUBeTHTD, 
NOMeCTHTb B Mledb, CMOHTHPOBaHHYI0 Ha CTOJIMKe MUKPOCKONA, HM NOJBECTH HalipA- 
*KenHe (MATepHas J/ICEKTPONOB Gespa3sJIHUeH: MCMBITHIBAJIMCb BOXK2KEHHOe CepeOpo, 
MeJIHbI€ H MWIaTHHOBEIe MWIaCTHHKH, aKBajlar), TO lipH Temnepatype 300” n Hanps- 
m*enuu 500 B MOxKHO HaOIOLaTb MeWICHHBI (OKOIO 1 MM B MHHYTY) BXOJ OT aHo- 
a rycToi KpaCHO-KOpHuHeBOM OKpaCKH C OYeHb POBHO OYePYeHHbIM PPOHTOM 
(puc. 2, J). Usorna stomy npepuiecTByeT CpaBHUTeIbHO ObicTpoe pacnpoctpaxe- 
He OT KaTOJa CHHeli OKPaCKH HempaBubHoK Poppi (puc. 2, //), KoTOPoe BCKO- 
pe mpekpamaetca. Kopnunepan oKpacKa JBMXKeTCA He TOJIbKO OT 9/eKTPONa, 
HO H OT BCAKHX TPellMH M Apyrux MakposedexTos. B mecTe BcTpeyH KOPH4HeEBOH 
M CHHel OKpacoK XO KOpH4HeBOrO (ppoHTa 3aepxKUBaeTCA (MPOUCXOANT HeUTO 
BpOJe AaHHUIHIAWMM OKpacok). 3aTeM CHHAA OKPacKa YHUITOMAeTCA KOPHYHEBOH 
WM BeCb KPHCTAaJIJI OKa3bIBaeTCA PABHOMEPHO OKPAaleHHbIM B KPaCHO-KOPH4HeBbIit 
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IBeT, UTO COOTBETCTBYeT KPHBOH D (puc. 1). Kpusaa E yaer npeyctaBenne o MC\i 
JIOKECHHH MOJIOCbI NOPOULEHHA, BOSHHKAIOWUIeEH B pesyJIbTaTe OKPaCKH KHCJIO, 
pojom, a F — nosem. 

EcJiM B MOMeHT, H300paxKeHHbIii Ha puc. 2, MepeMeHHTb 3HaK MOA, TO KOPHs 
HeBad OKPacKa YXOMUT, HO He MOJHOCTHIO, HM BOWeMMAA C APyroH CTOPOHbI OF 
pacKa MOxeT JorHaTb mpexkuiow. Takum 
06pa30M, MosyuaeTcA BO3MOKHOCTb OK- 
pacKH lepeMeHHBIM Mosiem. Takoe oKpa- 
[UMBaHHe OJHOBPeMeEHHO C OOOUX dJICKTPO- 
flop Ha uacToTe 50 ri, erko OOHapyxKH- 
BaeTca Ha OnbITe. CkopocTb pacmpoctpa- 
He€HHA KOPHUHEBOM OKPaCKH CHJIbHO 3a- 
BUCUT OT TemMnepaTyppl. IIpH KoMHaTHOH 
TemilepaType 9Ta CKOPOCTb COCTaBJAeT 
okos10 | MM BCYTKH IIpu HalipA2xKeHHOCTH 
anekTpuyeckoro noma E = 10 xs/eM. 

BeposTHO, MOXKHO CUMTATb OKPaCKy 
MOJIeM WH OKPacKy KHCJIOPOOM, OOycsoB- 
JIGHHbIMH OJHHUMM HW TeEMM X%Ke WeHTpamMu 
oKpaluBaHua. CneqyeT OTMETHTb, 4TO 
KpuBble puc. | CHATHI Mb LA DByx 06- 
pa3loB, Tak KaK MpHemMsemMble B ONTHYe- 420 460 300 340 = 380 mgt 
CKOM OTHOIeCHHH KPUCTaJJIbl BCTpeua- = 
FOTCH PEMKO, H, CUIEMOBATEIbHO, TOUHYIO pyc. 1. UsMenenna B KpMBO!i NormomenHA | 
(POpMy KPHMBBIX elle HeIb3H CUHTATb  pesynbTate okpawHBaKua. D— ontuyeckap 
YCTaHOBJICEHHOM, HO CaM (PaKT KPaCHO- MWIOTHOCTb KpucTania,; D» — onTHueckas 
KOpMuHeEBOrO OKPpallMuBaHuAa yCTaHOBJIeH TIJIOTHOCTb o6ecliBeueHHOrO KpHcTava 
Ha OOJIbUIOM 4YNCTIe OOpa3soB, a Tak2Ke } 
MpoBeped Ha oOOpasllax, J06e3HO mpesocraBsienHbix Ham VM. E. MprmpHuKosonke 
Cunee OKpaliMBaHHe HeyCTOHYMBO H BCTpeyaeTca pexe. Cna6oe KpacHOBaTO!} 
OKPallIMBaHHe MOXKHO 3aMeTUTS VM Ha KepaMHyeCKUX OOpasliax, HO Ha KepaMHkil 
HaOJHOCHHA CHJIbHO 3aTPYHEHbI HEBOSMOXHOCTHIO HaGIOLCHHA B NpoxosAuent 
cBeTe. | 


a 6 
Puc. 2. CHHMoK KpHcTama, uacTHuHO OKpallleHHoro MomeM (a), H MoacHeHHe K Hemy (6) 


Cam (baxt okpammBanua BaTiO, uuTepecen B TOM OTHOIMeCHHH, YTO OKpauIH: 
BaHue BGctae CRATE C HOHHOH MpOBORMMOCTHIO (‘), B TO BpeMaA Kak cyte: 
cByeT px paoot, corlacHo KoToppim BaTiO, o6na Ui 

4 J\aeT YMCTO 3JIEKTPOHH . 
BOJMMocTHIO (5), rue eal 
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V3 lipeqBapuTesbHbIX U3MepeHHi CeLyeT, TO OKPallIMBaHHe MOHOKpUCTal- 
OB MCHACT HX JICEKTPHYECKHE XapaKTepHCTHKUN, OMHAKO HcceMOBaHHe B 3TOM 
allpaBJICHHH elle BefeTca. Tak Kak OKpallMBaHHe MpOHCXOAMT HM pH KOMHAT- 
OH TeMMepaType, TO BO3MOXKHO, 4TO COMOCTABJIEHHe CBOHCTB OKPal€HHbixX M He- 
KPallCHHbIX OOPa3silOB BHECeT ACHOCTb B MpoOJeMy CTapeHuA KOHEHCATOPOB 3 
uTaHata Oapusa (°, *). 


JlenuurpaycKul rocylapcTBeHHblit Tloctynuso 
MleqarorHuecKHi HHCTHTYT 7 Il 1957 
um. A. V. Tepuena 
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Jloxnayo Akayqemuu Hayk CCCP 
1957. Tom 115, Ne 3 


MW. A. MYXTAPOB 
MHKPOBOJIHOBbIM CNEKTP 1,2-bTOPXJIOPITAHA 


(ITpedcmaeaexno akademuxom B. H. Kondpambeeoim 27 II 1957) 


B wactostlel paSoTe mpoBeseHo HccleoOBaHHe MHMKPOBOJIHOBOrO CMeKTpéle 
Mosiekyuibl 1,2-propxsopstana. VMicceqopanve nogoOubix MovleKyJI NpeAcTaB-y 
JiAeT OCCObIN HHTepec B CBA3H C TEM, YTO OHH MOFyT HAXOMHTbCA B HECKOJIbKUX) 
Pa3JIHYHbIX H3OMeEPHbIX COCTOAHHSX. . 

B npu6nmKeHHu %KecTKorO aCHMMeTPHUHOrO BONUKA Obl paccunTaH Bpaula- 
TeJIbHbIM CNeKTp Momekyubl |,2-—PTopxXopsTaHa AWA pasMYHbIX SHAYeHHH yrwiall 
Mexky NpoekKLMAMH cBa3H CF u CC] Ha mocKocTb, NepNeHAMKYJIApPHYy!0 K CBA- 
3u C—C. B pacuetax ObliM MpHHATHI Cleyroulve CTPYKTypHble JaHHble: MexkAy-ff 
aTomuble pacctosHua C—C 1,54 A; C—H 1,10 A; C—F 1,875 A nu C—Cl’} 
1,78 A; yrabt CCF, HCC u HCH paspupi 109° 28’ (aqua rpynnobt CHeF); yror} 
HCH 110°20’, yron HCC 109°49’ u yron CCCI 110°30’ (ana rpynnst CH,Cl).e 

PacueTbl NMOKa3a/iH, YTO OObUICe YHCJIO Pa3JIMYIHbIX BpallaTeJIbHbIX JIMHHM fi 
MOPOWeHHA HAXOAHTCA B AManasoue yactoTt oT 10 000 zo 30 000 Mru. | 

C moMoulbio pasuocnekTpockona Co WTapKOBCKOH MofyaauueH Obl uccJe-h 
HOBaH MHKPOBOJHOBbIA CNeKTp MoOJieKyJbl 1,2-—PTropxXopsTaHa B Avana3sone} 
10000-20000 Mry vu ObluIo O6HapyKeHo OoubUWoe YHCMO JHHHK NorsouleHHa. | 

Bbiuio BbIACHeHO, YTO OOWAA KapTHHAa pacnosO*KeHHA HEGMOAeHHbIX JIMHUE | 
XOpOllo corslacyeTcA c pacueTHOH KapTHHOH npw « = 70°. Cornacuo pacue- fi 

TaM Jima a = 70° B Auana3zone 10 000+} 


Ta6anua t -+20000 Mru gomKubl Opin Ha60AaTEcs § 

Yactuubi B Mri rpyiitbl JIMHMH, NpWHayviekallHe kK | 

eee == O-netau- ¢ AK. == —! nok 
IKK! pacueT oxenepumerr J = 1 Qo J = 8. Bown oOnapyxenbl 4H | 


MACHTHPHUMPOBaHbI JIMHHM Norsowse- } 
HHA, COOTBeTCTBYIONIMe nlepexojjaM 


ae =e ie 1o3—1 10; 202 — 2113 3og—3 123 Ana—4ig 
Secs 11815,5 11815.4 H Oos—O14a MOMeKyIbI FH,C—CH,C1%. 
Aas 12737,6 12735 ,4 Myentudukalia Opiia MpousBesena C M0- 
595914 139548 13952,1 MOUIbIO HCCJIeAOBaHHA CBepXTOHKHX pac- 


ILeJIeHHH JIMHAM yKa3aHHblx Mepexoos. 

B ta6a. | npwBefsenbl 3HaYeHHA IKCMePpHMeHTaMbHO M3MePeHHbIX H paccyH- 
TAHHbIX TeOpeTHYECKH YaCTOT yKa3aHHbIX MMHHH. B pacueTax mpesnouaraocn, 
uto A—C =10729,6 Mri uv x =—0,923, koropple Obiin onpeyeeHbl HaMH Ha 
OCHOBaHHH H3MepeHHbIX YaCTOT WIA MepexoQOB | 93—ly9 H 2o2.—2,,. M3 ananusa 
CBEpXTOHKOM CTPyKTYpbl STHX AMHHH OblIM OMpeseeHbl 3HAYCHHA KOHCTAHT 
KBaQpyNOJIbHOH CBA3H B HaMpaBJeHHH TaBHbIX oOcelH MHeEpUMHM MoseKYyJbI 
FH,C—CH.Cl*% ¥, =— 23,6 Mri, y, =—— 6 Semin 

PacxoxKeHHe M@Ky SKCNEPHMeHTAIbHbIMH HW TeOpeTHYeCKHMH 3HAYeCHHAMH 
YacToTbl (cM. TaOw. 1) yBennunBaetca c poctom J, 4TO, NO-BHAMMOMy, CBA3aHO 
C HaJIMUHeM HeEYYTeHHOFO B pacueTaX WeHTpoOOeKHOrO BOSMYLICHHA H3-3a «He- 
XKECTKOCTH) MOJIeKYJIbI. 

Takum o6pasom, #3 aHamv3a clleKTpa Mosekysbl 1,2—cbropxnopatana ycta- 
HOBJICHO, YTO AVIA STOH MONeKyJIbI CyWMecTByeT ycTOHuNBad KOHUrypallusA co 3Ha- 
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yeHviem « = 70°, T. €. TAK Ha3bIBaeMble CBepHyTble usoMepbl. Jia cBepHyToro 
jv3goMepa 13 cooOpaxkenuli CHMMeTpHH CJleLoBaslo Obl OKHMaTb yrua « = 60°. 
OrknoHeHve yruia « Ha 10°, No-BHAMMOMY, CBA3AHO C CHJIbHbIM OTTAJIKHBaHHeM 
aTOMOB (TOpa HM xvlopa. 

Astop mpuHocuT 6narofapHoctb akag. VW. JI. Kuynantly 3a mpeqocrapuien- 
Hoe JWI HcceqoBaHuaA coesuHenHe 1,2-cpropxmopstana UM JoKTOpy (u3sHKo- 
mMaTemaTHy¥eckux HaykK A. M. Ilpoxopopy 3a WeHHble CoBeTbl B Mpollecce 
padorbl. 


@usuyeckuh uuctutyT um. II. H. JleOezepa Tlocrymuao 
Axkanemuu nayK CCCP 21 Il 1957 
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Jlckxann Akagemun nayr CCCP. 
4957. Tom 115, Ne 3 


Axajemux AH BCCP 6, HM. CTEMAHOB u TI, A. AMAHACEBU4 
ECTECTBEHHbIM KOHTYP YPOBHEM 9HEPIMW 


B kBaHTOBOM MeXaHHKe PpaClIMpeHHe CMeKTPaJIbHbIX JIMHHMH CBASbIBaeTCA 
c pacuiMpeHuem ypoBHel aHepruu. IIpumMeneHve COOTHOLICHNA HeOrpejlesIeHHO-F 
cTeli NO3BOJIAeT HalTH CpefHIOIO LIMpHHY ypoBHeH. Bonpoco KouType ypoBHeH, ® 
COOTBETCTBYIOUIEM KOHTYPy eCTeCTBEHHOFO PaClUHPeHHA CHEKTPaJIbHbIX JIMHHK, 
BooOme He paccMaTpHBaeTca. OG6pluHble MeTObI KBAHTOBOM 9JIEKTPOHHAMUKU 
(—%), OCHOBaHHbIe Ha peleHHH BPeMeHHOrO YpaBHeHHA, JalOT [paBHJIbHOe BbIpa- 
XKeHHE JIA KOHTYpa CNeKTPaJIbHOH JIMHHH, HO He 3aTparHMBaloT BOTIpoca O pac~ 
WUMpeHHU ypoBHel 9Heprun. B HeKOTOpbIX CULy4aAX TpefnosaraeTcA, YTO KOHTYP 
CN€KTPaJIbHOH JIMHHM MOJHOCTbIO NOBTOPAeT KOHTYp BO30yKJeHHOrO yPOBHAIE 
sHepruu (?), HO He BbIACHAeTCA CMbICJI STOO NOHATHA. B HacTosme padoTep 
NOY4eHO BbIpaxKeHHe, KOTOPOe MOKHO TPaKTOBaTb KaK eCTeECTBCHHbIM KOHTYP/i 
YpoBHeH SHeprHH. ) 

PaccMOoTp¥M H30JIMpOBaHHYI0 CHCTeMY, COCTOALLY!O H3 JBYX B3aHMOJeHCTBYIO- iy 
WIMX MOMCHcTeM: aTOMa HM 9JIeKTpOMarHHTHOrO Noa. YpaBHenue Ulpenunrepale 
AIA CTAWHOHAP HbIX COCTOAHHH TaKOM CHCTeMbI HMeeT BHI: : 


(A, + Het UY SEY, (1)3 


Snecb H, X H,—YaMWJIbTOHHAaHb! CBOOOAHBIX aTOMa H 93CKTPOMArHUTHOrO 
MOJIX, COOTBETCTBEHHO. OnepaTop B3aHMOJeHCTBHA HMeeT BU (+) 


e 


rye p—olepatop umiyibca onTHuecKoro 9/eKTpoHa aToMa; A — BeKTOpPHBIii 
NOTeHIHas BICKTPOMArHUTHOrO TOA: 


A= Soue + ae) ey: @)) 


B peipaxenun (3) CyMMMpOBaHve NpOHSBOAMTCH NO JBYM 3HaveHHAM NoAApU- Ih 
sauuu / HM BCeM 3HaYeHHAM BOWIHOBOrO BeKTOpa k, onpeyensembIM pasMepamu Ih 
KyOa nepvHoquynocTH V. B janbHeltiwiem cyMMHpoBaHuHe no J u k o6o3HauaetTca 
OJJHHM HHeKCOM. 

MatTpvuHble 31eMeHTbI OMepaTOpoB q, H gj paBHBI 


Qnckh  p— / Oncth it 
(Ju) my, el Vas Sny—1, m,,> Gee ny = V oe y Ny + Sn t1. my: (4) y) 


Sylecb Ny W My, — KBAHTOBbIe 4HCIa COCTOAHUE x-ro OCILHJWIATOPAa; @, — YacToTa; 4 
€, —BeKTOp NoOmApHsalHyn. 
Pemenue (1) umem B Bue 


f= C; (1ry)'Pi (mx) (5) # 

tee (ie 
rye ,; (nx) —— MpousBeyeHve COOCTBeHHOH byHKUMH cBoOoqHoro aTOMa B i-M 
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CTOAHHH H COOCTBeHHOH (yHKUHH NOAA B cocTOAHMM (n,). 3HayOK (n,) 
HauaeT COBOKYINHOCTb BC€X 3HAYKOB 7y, Mo,..., My, ..-, ONPeeMAIOWNX 
CTOAHME BCeX OCIHJIATOpOB noma. TloqcraBuw (2) u (5) B (1) uw mpoyenaB 


IWCHSBECTHbI€ MpeoOpasopaHuA, NOyyaeM CHCTeMy ypaBHeHHit JIA onpese- 
HUA C;(n,): 


(Ei (ny) — E) Ci (ny — D) (pijder Ww + TC; (y+ 8xe%7) — 


jf, *? 
Sa eee eae (6) 
j,x’ 
e 
Jee (My) = Ej oe > hor (Nx ats "le), (7) 
: 2nh 
(Pij)x = — ie ye Veo, is (Pex )azs (8) 


B (6) u (8) yureHo, uro B mpefenax atoma kr<‘l (4). O6o3Hayenne 
HJ€KCOB 3aMMCTBOBaHO H3 (°) H HMeeT CJIeEAYIOWWHH CMBICT: (Ny + oxy) OTVIH- 
aeTCA OT (My) TOMbKO TEM, YTO OCIHWIATOp x’ HaxOJMTCA B COCTOAHUU 
w +1, ane ny. aa yupomenua pacueros mpexqnom0%KuM, 4TO aTOM uMeeT 
OJbKO [Ba YpOBHA 9Heprun: E,;=O0 u Eg. 

CucTemy ypaBHeHHlt (6) MOxKHO pelIHTb MeTOJOM MOcIeAOBATeIbHBIX TIpH6vIH- 
sen. B kayecTBe HYJIeBOro MpHOM2%KeHHA BO3bMeM COCTOAHHE, B KOTOPOM 
ITOM HaXOJMTCA B BO3OYKJCHHOM COCTOAHHH, a B Owe HeT (OTOHOB, T. e. 
OMbKO Cy) (E) orauyHo oT Hy. YpaBHenua (6) uA NepBoro upHOmmxKeHnA 
MeloT BHI . 


(Ex — E) Cz) — D>) (Par)x Cr (Sux) = 9; 


(ho, — E) Cy (Sic pana (Piz) Co (0) = 0. 


(9) 


Cuctema (9) omucpiBaeT B3aHMOJeHcTBHe BO30yxKJeHHOrO ypOBHA aTOMa 
IpakTHyecKH HEIMPepbIBHbIM CI€KTPOM BO3MOXKHBIX COCTOAHHH Mowa. Ana- 
OrHuHad CHCcTeMa ypaBHeHHH y2Ke pelleHa B paOotax Palica (°) u Crena- 
opa (7) mo TeopuH mpegquccounanHu. B ormuuue or (9), B 9THX pa6oTax 
pelmomaraocb, UTO MaTPHUHbIe JJIeMCHTLI He 3aBHCAT OT SHEPrHu HU 9HEp- 
eTHYeCKHI CueKTp ofHOposeH. B Halliem cayuae 9TH YCIOBUA He BbITOJHAIOTCA, 
rak KaK MATPHUHbIe IIEMEHTHI (P15) H IJIOTHOCTb YpOBHeEH SHEPruH IJIeKTpPO- 
MarHHTHOrO Towa ; 
G) 


0 — 
ary m™2¢8 


V (10) 


3ABHCAT OT w. TemM we MeHee pellieHHe, mouyyenHoe B (°, ’), IpHMeHHMO 
HK WaHHOH s3ayaue. JJelcTBHTeIbHO, H3 Bua ypaBHeHH (9) culefyeT, 4TO 
BSaMMOJeHCTBHe JBYX TMOJCHCTEM HOCHT pe3SOHaHCHbIM XapakTep; sHayeHus 
C5 (0) (E) BeJIMKH TOMbKO Jit TeX 9Heprult E Bcel CHCTeMbI, KOTOpble OM3KH 
k E,, a up E~ E, u3MeneHve MATPHUHbIX 9JIEMeCHTOB HW NAOTHOCTH 9Hepre- 
THUeCKUX YPOBHeH HeBeHKO, H UM MOxKHO NpeHeOperb. IlosTromy, corsacuo (’), 
Cz) (E)|?, T. €. BepOATHOCTb HaliTH ATOM Ha BTOPOM YPOBHe, eCJIM 9HeprHua 
sceli cucTeMbI paBHa FE (E 6v3Ko K E,), RaeTca BbIpaxkeHHeM 


| Por 2 


oar i es . 11 
| 2 (0) ( ) | 2 | po |2,)? ( ) 
POs 


2 


ye ©—paccTosHve Mex,y COCeHHMH YPOBHAMHM 9HeEPrHH MoMA, paBHoe 
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| poe, WH yepTa Hay] MaTPHUHbIM 3JIEMeCHTOM O3HaAUaeT yCpesHeHHe M0 BCEME 
HallpaBJIGHHAM Cy: 


OT TT | 
imate a 3 2 thw 
Pa = Beton 1 (gol sind do l(rewal®—= stl ral (RY 
jlo 
Bsoja o6o3sHaueHHe 
Te | P21 | , 2 ew? 
a : : Pews a eae (1 


dbopmy.ry (11) MoxkHO 3anvcaTb B Buse 


Be 4 

|Cs@ (2)? = => EES (14) 
Bpipaxenne (14) onpeyemseT BepOATHOCTb, OTHECEHHYIO K OHOMY YPOBHHE 
cocTosHHAd nom. UToOObI NOJIYYHTb MWJIOTHOCTb BEPOATHOCTH, T. €. BEPOATHOCTE} 
OTHECeHHYIO K e€MHHUHOMY SHepreTHueCKOMY HHTepBaly, Halo YMHOKUTH 
BbIpaxkeHue (14) Ha HCO ypoBHell B eHHHYHOM HHTepBayle 9HeprHu V/el 
B pesyibTaTe HMeeM | 


1 f 
| Co @ (E) b= tae (Lop 


caeftyiolllee BbIPaxKeHHe JIA KOHTYpa CMeKTpaJIbHOH JIMHHH: 


ib FERS 0 RAN 
1 vc eae MOtrinie er fe 22709 (ep 
rye Y— OuyWwupHvHa chekTpaJbHOH WMHHM 
2 ew? ; 
biPERS a Maul eeps (1 


Orcioya BHHO, TO Mapametp 8 coBnayaeT C MOJYINHPHHOH CNHeKTpadbHO 
JIMHMM B 9HeEpreTHyecKOHK wkase. [lomoOue (15) u (16) HaBogUT Ha MBICIb, 4TY 
BLIpaxkeHne (15) MO%KHO TpakTOBaTb KaK KOHTYP YPOBHA 9HEpruu aToMa, OOyb 
CJIOBJICHHbIM B3AHMOMeHCTBHeEM C HYJICBbIM 3JICEKTPOMATHUTHbIM TOJIeM. | 

B mpupose He cymecTByeT a6couOTHO H30MpoBaHHOro aToma. IIpocreiimell 
peaJIbHOH CHCTeMOM ABJIAeTCA HE H30JIMPOBaHHbIit ATOM, a ATOM B HYJICBOM 3JIeRE 
TPOMArHUTHOM Tole, OT KOTOPOrO NPHHUMNHaIbHO HeIb3a OTBIeUbcA. TlosTOM® 
ipocteHiiaA aTOMHad CHCTeMa OMMCbIBaeTCA TFaMHuJIbTOHHaHOM H, + U, ri 
U — onepatop B3avMojencTBHA C 3JIeKTPOM@rHUTHBIM Moslem. Takas cuctema oG) 
JlalaeT IpaKTHYeCKH HEINPePbIBHbIM CIeKTPOM 9HeprHuH E uCOOcTBeHHBIMH (byHKIL) 
amu ‘f(E). Ilo cBoemy dbusuueckomy cMbIcay BemuunHa | Cy)(E) [2 Maer Beponrt 
HOCTb TIPOABJIeHHA B OOMIeM cocTosHHH cucTempr Y(E) cBolicTB aToma, T. 
CocTOAHHA %). PasHbim ypoBusm sHeprun E nomHOH CHCTeMBI COOTBeTCTBYeT 1 
(15) pasHaa cTeneHb IpOABJeHHA CBOHCTB aTOMa. 3aBHCHMOCTh BEM |C2(0)(E) 
oT E uw flaer ecrecTBeHHbI KOHTyp ypoBHeli sHepruu aToMa, nposBusAromMuiic |) 


B CAMBIX PpasHOCOPasHbIX YCIOBHAX SKCICPHMeHTA, B YaCTHOCTH, B KOHType cneK 
TPaJIbHBIX JIMHHM NOrOuleHHA HM UCHYycKaHUA. 


UuctutytT du3HkKH HM MaTeMaTHKU Tocrynwaic 
Axajlemiv Hayk BCCP 4 III 1957 


WUMTHPOBAHHASA JIMTEPATYPA 


*B. Taataep, Ksantopaa teopua u3nyyenua, 1940. 2 V. Weissko p fh 
E.Wiegner, Zs. f. Phys.,63, 54 (1930). ? V. Weisskopf, Ann. d. Phys., 9, 23 (1981) 
*A.Coxoaos, J. Upaneunko, Kpantopaa Teopua noma, 1952. %® L.Landaw 
Zs, f. Phys., 45, 430 (1927). ® O. K. Rice, Phys. Rev., 33, 748 (1929); 35, 1551 (1930) 
7 B.U. Ctrenanos, K9T®, 15, 435 (1945). 
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Joknxnangn Akanqemuu nayx CCCP 
1957. Tom 115, Ni 3 


PH3SHKA 


3-e B. PPHCMAH u 9. H. APXHIIOBA 


RBABACHMOCTb 3HAKA JBOHHOTO JIYYENPEJIOMJIEHU SA. B MOTOKE 
OT KOHWEHTPAWHH PACTBOPA NOJIHMEPA 


(IIpedcmaeaexo akademuxom A. A. JIe6edeeom 16 III 1957) 


JipovivHoe syyenpenomseHHe B MOTOKe pacTBOpOB NosMMepa onpenemserca 
Pa3HOCTHIO TlaBHbIX TOJIApH3yeMOcTeH MaKPOMOJIeKyJIbI B pacTBope. Muoro- 
Haucrennpie 9KCIePHMeHTE! (7 *) NOSBOJIMJIM MpeANONORUTb, YUTO MAaKPOMOIeK YY 
}B PaCTBOPe MOXHO PaCCMaTPUBATD KaK SIMMCOMMAbH YI YACTHULY, HaCbIILeHHY10 
| PACTBOPHTeNeM, NOKAasaTeb NPCNOMICHUA KOTOPOH OTJMYEH OT NOKasaTedA Tpe- 
OMJIC€HHA TlOJIMMepa. 

Vcxoaa “3 9THX NpelcTaBeHHH, Obluio Noy4eHo (*) BbIPAaKeHHe NIA pasHocTH 
| Movi pus yemocTel MaKPOMOJIeKYJIbI, KOTOPOe OObEAMHACT BHIBOJbI CTaTHCTHUe- 
hckouw Teopuu (°,°) H 3aKOHbI KOON AHOK onTHKH (* °): 


n® +2 hn? 


2 2 2 \2 
3 ne —n? \" ye 
t= i= —— 5 (% — %») “ ) 


(Los) Ge) 


UV 


he ie a } 
iSmecb «%, —o&». — pa3HOCTb HOMAPH3yeMocTell CTaTHUCTHUeCKOFO 3JIEMCHTAa B Ba- 
IkyyMe: Nl, H My, — MOKasaTeJIM MpeJIOMIeEHHA COOTBETCTBeEHHO paCcTBOpHTeIA 
MW TloOJMMepa; h2 wh? — cpequne KBajipaTHUHble PacCTOAHHA MeXKy KOHWaMu 
|MOJICKYJIAPHOM ILeMH COOTBETCTBEHHO B HCBO3MYIILCHHOM H BO3MYLLCHHOM COCTOS- 
|HMAX; 9 — IJIOTHOCTb NomuMepa; M — ero MosmekyApHbIi Bec; V —oObemM Mo- 
\MeKyApHoro smMNCcoNa; N4 — uucso Aporagpo; L,—L, — caxtop, 3aBucs- 
WMH OT OTHOWeHHA NoOmyoceH siNHNcoN,a. B ypaBHenun (1) nepBEi uiex 
olipeylesineTcA COGCTBEHHOM aHH3OTpOMHeH MaKPOMOJIeK Jbl, BTOPOH — aHHuso- 
iTponveii (OpMbI, KOTOPaA HIpaeT PONb JMIUb BCyUae Np Ns. B 3aBAcHMOCTH 
JOT CTPpYKTYPbI MOJIeKYJIbI COOCTBEHHAA AHH3OTPOMHA MOKET UMETb MOJIOKUTEIb- 
JHOe HIM OTPHUaTeIbHOe 3HaUeHHe, AHH3OTPONMA 2%e (OPMBI BCerfa NOMOKU- 
TeJIbHa. 

Takum 06pa30M, JJIf MAKPOMOJIeKYJIbl, AHHSOTPOMMA KOTOPOH OTPUUAaTeIbHa, 
3HaK peSYJIbTHPY!olleH PasHOCTH NOJAPH3yeMOCTel 3aBHCHT OT BKJIajla, BHO- 
CHMOFO OTJ[@JbHBIMM WieHaMH ypaBHeHHs (1). 

Jlerko BUJeTb, YTO MPH HaNHYMH JIaMMHApHOrO MOTOKA B pacTBOpe BKWAay 
OTJCJIbHBIX YICHOB MO-pa3HOMYy 3aBHCHT OT THApORMHaMMYeCKOH CHJIbI, TIpH- 
NOXKCHHOH K MaKPOMOJIeKyvle (cJIeOBaTeMbHO, OT rpawWeHTa ckopocTnH g). Jleit- 


8 2 | he 
CTBHTeJIbHO, NepBbIt WIeH ypaBHeHua (1) BospacraeT NponopunoHabHO h? / ho, 
BTOPOH — MponoplHoHabHO V f2/A2(a60 MowHO ToKasaTb, uTO L,—Ly~ 


~Ve / hj Up Mpewnosox*enuu TocTosHCTBa OGbeMa). TakuM O6pasom, C u3Me- 
HeHHeM 2 MO2KeT H3MeHHTECH 3HaK Yy— Yo (ANA NanHpix M?/v wu (ny, —Ns). 

Ilpu Masiom 3HayeHHH rHA_poquHamMyecKOl cHbI (¢—>0) MOmKHO cunTaTb 
A? /hz~1 u L,—L, nocrosuuot Bpeamunnol. Torga 3Hak Y;— 2 3aBHCHT 
Iuub ot M?/v u (nk—Ns). 
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V3 cKka3aHHoro creqyer, YTO B YCOBHAX g—> 0 MOMKHO OXKUJATb HSMCHCHHAH 
3HaKa OMNTHYCCKOH aHH3OTPOMMH C H3MeHeEHHEM MOJIeKYyJIAPHOFO Beca B OHOM) 
HM TOM Ke pacrBopnteve (Ny + Ns). 

Sro sABjeHve ObIIO O6HapyxKeHo (1°) pH MCCIeqOBaHUH PaCTBOPOB ABYXs 
dpaxun (M = 3-10° u M = 100- 10°) nomuctupoua B AMoKcaHe. PacrBopbl HU3-fi 
KOMOJCKYIAPHOH cppakuMU OOMaLalOT OTPULLaTeJbHBIM ABOMHbIM yyenpesoMe-9 
HHeM B IUMpoKOH OOmacTH KOHMeHTpallMli Mu rpayueHToB cKopocTu. PacTBopbip 
BBICOKOMOJIeKYAAPHOM (pakIMH OOHAPy2KHJIM MOMOXKUTEMbHOe ABOMHOe Jye+y 
mpenommenue An, O1HaKO JIMUIb B OOJACTH MaJIbIX rpaMeHTOB CKOpOCTH &4 
C pocTom g NoO*KUTeMbHOe TBOMHOe TyYeNpeMOMMEHHe YMeHbINAeTCA, 3aTeM Ne} 
PeXOMHT yepe3 HYJIb Ve 
pHo6petaer OosbUIOGy 
OTpHllaTeIbHoe 3Hayeye 
une. TlocenHee OObsIC- fe 
HACTCA TEM, YTO C Poy 
CTOM rpajlveHTa CKOpO 
CTH TlepBbI WIeH ypaBye 
HeHHa (1) BospacTaest 
6bicTpee BTOPOro. 

Hayo fymMaTb, uch 
3HaueHHe Y, IPH KOTO! 
pom An =0, coorBeré 
cTByeT cily4ao {1— 
—o=0, T. e. OMMHAKO-E 
BO POJIM WByX UWJIeHOFE 
ypaBHenua (1) (cupa'l 
BeJIMBO Jt MOHO‘E 
juchiepcHo cHcTeMbl) fh 
YTO MOSBOMAeT OLCHHTEL 
pacTaAsKeHHe MaKPOMO-f 


Puc. 1. 3asucumocts An= f(g) mi pactsopos nonuctupona XCKYJbl UPH STHX ye-T 


+/ 


(M = 1,5-10%) B quoxcane. 1,2—C=0,1 r/100 cm? nh C= JIOBHAX. , 

=0,2 r/100 cm? (B npHHATOM MacliTa6e KpHBbIe COBMeljatoTca); i; a 

Fo a ee 0s, OnkCaHHEi @KCaai 
=0,6 1/100 cm8; 6 — C =0,81/100 em? DHMCHi OSE Oi = ae 


ACHUTb 3ABHCHMOCTh OT) 
g BennuunHHp An, 06-9 
yCOBNeHHOH cCoOcTBeHHOH axHusoTporMeli, u An, o6ycmoBneHHoh bopmoiil 
(1*). OrmeTuM, 4TO 3Ha4eHHe g, pu KoTOpoM An MeuseT 3HaK, YMeHbINaeTCA C poc-} 
TOM KOHIeHTpallvn (*°). ITO NOSBO/IAeT MOHATh U3araeMoe B HacTosimelt padbore 
HOBOe ABJeHHe, OOHapyxKeHHOe PH UCCeMOBaHHU pacTBOpoB (pak NOU: 
cTupoma (M = 1,5-10°) B quoKcane. 
Beuunha H OPHeHTallHA ABOMHOFO JyuenpeOMACHUA H3MepsAMCb B NpHoope 
C BHeIIHUM potopom (?, '° 1), paSouas JMHa KoToporo / = 10 cm u 3a30p Ar = 
=0,085 cm, IIpumenenuast Hamu onTHYecKasd cxema omvcana panee (, 3, 4). | 
SaBMCHMOCTb BeJIHUHHbI JBOMHOrO JyyenpeomieHud An oT rpalHeHTa CKO- 
pocTH g JWIA PaCTBOPOB PasIM4HOH KOHILEHTPaMH u306paxKena Ha puc. 14 
B cooTBeTcTBH C pexXHHMH pe3ybTaTamu (!°), B O6acTH GombUIMXx g BeIM4HHa! 
An MeHsleT 3HaK, AMMeHHO, Aa pacrBopa C = 0,3 r/100 cm3, mp 3HaveHuy' 
g, Omu3Kom K 5000. Ja pacrBopos MeHbleH KOHWeHTPalluu CoxpaHAeTca MosO-| 
*KUTebHOe 3HaveHHe An B ucCeOBaHHOH OOsacTH YrpayMeHTOB cKOpocTH 
a Oomee KOHWeHTpApoBaHHnle pactBopsl (C = 0,5 r/100 cm? un Bemue) oOnapy | 


XKUBAIOT OTPHMATeMbHOe ABOHHOe MyYeNpeMOMNenne, HAYMHaA ¢ CAMbIX MaJIBIX} 
3Hauenuli g. | 4 

V3 puc. 2 BuAHO, ¥TO AIA KOHWeHTpanun C = 0,4 r/100 cm? An = 0. 

Bpuxy Toro, uro ruApoqunamuyeckas CHa B MOTOKe 3aBUCHT OT BASKOCTH pac-| 
TBOPa, MOXHO ObWIO AYMaTb, YTO C POCTOM KOHIeHTpanMM BospacraeT epopMa-| 
IMOHHOe ABOHHOe JyyeNpeNOMMeHMe, BCeACTBHe ero pesyLTUPYyiollad BeH-| 
uuHa An cTraHoBHTCA OTpHaTenbHOH. OnnaKko, Tak Kak B pale pactBopos An 
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HOTPULATENIbHO mpu g—>0, To HaOmofaemMoe ABeHHe HeEb3A OOBACHUTD TONbKO 
YOTHM OOCTOATEIbCTBOM. 2 

| Cuenyer mpeqnonoxuth, uTo 3fecb oKa3bIBaeTCA 3aBHCHMOCTh ONTHYECKorO 
fipecnenna pacTBopa OT KOHIeHTpaunu. B pa36aBleHHOM pacTBope, rye Kaxklaa 
MAKPOMOJI€KYyJ1a OKPY2KeHa MOJIEKyJIaMH PaCTBOPHTEIA, NOKasaTeb MpesoMue- 
fH oOlacTH, B KOTOpOH pacnowoxwena MakKpoMoseKysa, OTMMYAeTCA OT NOKa3a- 
ipo MpeOMICHHA OKPyKalomlen cpebl.[ pu BospacTaHun KOHIeHTpauMu MaKpo- 
\MONEKY Ib! IpUXOAAT B CompukocHoBeHne. Nanuet pocT KOHWeHTpalMu BEI- 
HSBIBACT B3AMMHbIC MPOHHKHOBeEHHA OT/CNbHBIX YaACTeli MaKPOMONeKys, cpeya 
jAeNaeTcA ONTHYECKH OoJlee OMHOPOAHOM, YTO yMeHbuaeT JBOLHOe MyUenperoMue- 
Hue opm. OnenKka fh? v3 

4BASKOCTH 10 Mopu u obbe- 
Ma 110 KyHy nlokaspiBaer, 4TO 2 
#B pactBopeC =0,5 r/100 cm? 


———— 


Ss 
He 0 3 
fi(a7a naunoro M) yxe t Q7 98 e/tooem 
umeeT MecTo TlepemmeteHue R -9 
|MAKPOMOJIeKYJI, 4TO  BBISEI- a 
| g 


NjBaeT YMeHbIUeHHe NOOKU- 
}TeIbHOK cocTaBusrouren An. 
| Ham npegctrapasetca, uTo 
‘TIpH flocTaTouHO O6ObIIHXx 
| KOHUeHTpalluax, Kora MaK- 
‘PoMolekysbI CHJIbHO Tepe- “gl 
‘MYTaHbI, MBOHHOe syuenpe- 
| JOMIe€HHe OJOKHO omnpese- 
| NATHCA JIMUIb COOCTBeEHHOM 
| aHu3o0Tpornnen. 

_ Ha6mogaempi = scppexT cruposa (M = 1.5-10%) B quoxcane 

| W3MeHeHHa 3HaKka An Cc KOH- 

WeHTpalinel CcBA3aH UH C U3- 

| MCHEHHeM PHAPOsMHAaMUYeECKOrO MOBEMCHUA MAKPOMOVJIEKYJIbI B PaCTBOpe pH H3- 
“MeHeHuu KoHnUeHTpauun (14,15). Ojnako JIA KOMUeCTBeEHHOH MHTeplpeTalHu 
| TpeOyercsa Oonee OOMIMPHEI 9KCICPHMCHTaJIbHBIM MaTepad WM JabHelmee pa3- 
| BuTue Teopuu. Bo BcAKOMCyy4ae, MOXHO OTMETHTb, YTO SKCHEPMMeHT TOLTBep- 
“KlaeT pa3sBuBaemMylo0 HAMM TOUKY 3PeHUA, CormacHO KOTOPOH ABoHOe y4eMpe- 
| MOMMeHHe POPMBI OMpesenseTCA FeOMeETPH4ECKH ACHMMETPHUHBIM MAKPOMOWIeKy- 
| JAPHBbIM dJVIMTICOHJOM. 

Bpipaxaem OnarofapHoctp npod. B. H. Userxopy 3a wenuple KOHCYybTaHH 
(TIpH o6cyxeHHu 9KCMepHMeHTa. 


dn 
et 


A 
Puc. 2. 3aBucuMocTb “gr = i (C) Wa pacTBopos mowH- 
e 


JlenuurpamcKHi YrocyapcTBeHHbI YyHHBepcuTer Toctynuao 
% um. A. A. )KqanoBa 12 III 1957 


IMTUPOBAHHASA JIMTEPATYPA 
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ricity and Magnetism, 1873. ® R. Gans, Ann. d. Phys., 37, 881 (1912). *°9.B.® puc- 
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Jloraane Axagemuu nayk CCCP 
1957. Tom 115, Ne 3 


TEO@®H3HK A) 


Cc. Ff. BOFYCJIABCKHH 


3ABHCHMOCTb KOI®®HUWMEHTA TYPBYJIEHTHOCTU 
OT MAPAMETPOB MOPCKHX BOJIH 


(ITpedcmasaeno axademuxom B. B. Mlyaedxunoim 14 IIT 1957) 


ie 


3HaueHne BeIMUHHbI KOSpUuLHeHTa TyPOyJIEHTHOCTH HEOOXOZMMO IIpH peltie- 
UMM pAya 3sayau WuHamMuKH uw TepMHKH Mops. MccnemoBaHve MexXaHH3Ma Bep- 
THKaJIbHOFO OOMEHAB MOpelpescTaBJAeT OOJIbINOM HHTeEpec Take M JIA MOPCKOH)y 
rHuApoouoworuyu. 

1. PacemorpumM cHaualla BOMpoc 0 3aBHCHMOCTH Kos*ppuuMeHTa TypOyJeHT-if 
HOCTH OT CKOpOCTH BeTpa. 

B reuenne 1954—1955 rr. wa skcMequIHOHHOM cyfHe «Omni WoKkanpcKui» i 
MIPOM3BOAUIMCb MHOroUAcOBble PHAPOJOrMyecKkHe CTAHIMH C WebIO NOYYeHHAGE 
MCXOQHBIX JaHHbIX JIA BbIUMCIeHHA KOSPPpuuMeHTa TypOyseHTHOCTH. Ha610-Jh 
J@HHA MpOv3BouIHCb Ha paccrosHHuH 10 — 12 mua or Oepera Ha rayOuHe 
oko0 200 M c nocTaHOBKOl cyHa Ha AKopb. B Teyenue Bcero NepHosa uccue- 
OBaHHH ObiO BEIMOMHeEHO 16 CyTOUHbIX CTAHUHH C H3SMEPCHHAMH Ha Pa3JIMUHbIX Ml 
TOPH30HTax TeMMepaTypbl, COMeHOCTH HM CKOpocTH TeyeHHA. OmHOBpemMeHHO JE 
IIPOMSBOAHJIMCb aKTHHOMeTpHyecKHe MH TpaquHeHTHbie MeTeopoworMueckHe Ha-¢ 
OO CHA. 

JjaHHble 9THX HaGJIOAeHHM BMOCeEACTBUH HCHOMb30BaIHCh JIA BbIMMCIe- 
HHA KOapPuuueHTa TypOyIeHTHOCTH NO BepTukKamu K. 

Beruncsenne K mpovu3Boqusiocb mo dbopMyvie, BbITeKatollleH H3 OCHOBHOTO 
ypaBHeHHA pacnpocTpaHeHHsA Telia B Mope NO BepTHKaJIH: 


A A 
00 i= A\ re 
\ ar dz— a 108 | e 8242 
ont 21 * \\. 
Kee (00/02), i (i i 


rye Kz, — koapuluenT TypOyJIeHTHOCTH, HMeIOWHH pa3MepHOcTb cM2-ceK™2; | 
8 — Temnepatypa mops; ¢—spema; H —rayOuna pacmpocrpanenusa cy- 
TOYHBIX KoNeOaHHH Temlepatypbl; A — abOeqo BOAHOH NoBepxHoctu; 8 — 
KOIPPHUMEHT NOPIOMeHHA paualuu; 7) — CyYMMapHaa palMalua, Mayatollaa & 
Ha MOB€PXHOCTb MOP; C H 9 — COOTBETCTBEHHO, TeIJIOCMKOCTb H IWIOTHOCTS ff 
MOPCKOH BOJIbI. 

IIpu Berucnenun K no dopmyae (1) ucnomb3soBamnch HaGJUOACHHA, COOT- (0 
BeTCTBYIOWWMe YCTAHOBHBLIeMyCA BeTpy (BeTep OMpeseneHHOl cKopocTu pa-jt 
OoTal He MeHee 4 Yac. TO Hatana HaGvt0eHnit). | 

Ha puc. | mpupeyena 3asucumocth K or cKopocTuH BeTpa V, mocTpoeHHas & 
NO MaTepHasaM YMOMAHYTHIX HaOmogenui. IlonyyenHaa Hamu KpHBasd B OO- i 
WMMxX YepTax coracyeTca C aHasIOrH4HOH KPHBOH, NOyYeHHoOw CromMenem JA tt 
Mekcukanckoro 3amuBa (1), Hc JaHHbimu Cpepapyma (2). ( 

2. Ilepeiijem kK paccMorpeHuio Bompoca 0 3aBucumoctu K or 9meMeHTOB 
MOPCKHX BoH. TeopeTuueckH 37a 3ajaua BMepBble Oba paccmorpena C. B. Jlo-¥ 
Opoktonckum (*). Jlo6poKnoncKH HcCXOAWI 43 BBe,eHHOrO IIpanarmem nonss { 
THA MYTH CMeIeHHA pH TypOyeHTHOM OOMenHe. B nomysmmupuyeckolt Teopun f 
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jypOyleHTHOCTH BBOJHTCH 3aBHCHMOCTbh IYTH CMeIICHHA OT MpOMSBONHbIX 
CpeqHeHHOH CKOpocTH 
Ou/dz 
i= kaagan ° @) 
inne k = 0,4—nocrosuHan KapMaHa; u —ropu30HTaJIbHad KOMMOHeEHTA OC- 


| © of . 

peAHeHHOH CKOpocTH. B cooTBeTcTBHH C NOJIyYSMNMpuyecKoli Teopveli TypOy- 
j CHTHOCTH KOS*pHLMeHT TypOysieHTHOCTH ompe- 
| 


: 2 er 
[eIACTCA JJIMHOH MYTH CMeLICHHA HW rpalweHTOM en" Cek 
JG 


(DCPeEMHEHHOH CKOpOCTH: 


Ou 
= yo 

K=b—. (3) de 
[lua ompexenenua rpagquentos ocpequeHHoli 2B 

KopocTu Jlo6poksIOHCKHH BOCNOMb30BaICA TPO- 
OHJaIbHOH TeopveH BomH. TlomyyeHHoe uM 4 

pHOM2KeHHOe BbIPaKkeHHe JIA KoadpduuMeHTa 
YpOyJIeHTHOCTH Y MOBePpXHOCTH MOPS MOKHO 20 

mpecTaBHTb B BHe < 

h2 16 

Kzpa, (4) 


irae p — Oe3pa3MepHbI KoOspPPHUMeHT, paBHbIli 
m2,8-10°2; kh uw T — coorBeTcTBeHHO, BbICOTa HU 
mepHo JH. 

B pa6ote Boyyena (*) paccmaTpHBaica Bo- 
Impoc © BJIMAHMH BOJIHCHHA Ha TY pOyJIeHTHBI 
jo6MeH B Mope. Mcxoya “3 Toro, 4TO BOJHOBOe 
WIBHXKEHHE XapaKTepH3yeTCA TPeMA MapamerTpa- 0 Ze, 
MH: aMIWIHTYAOH BOJIHbI Q@, QIMHOH BOJHBI A Vy 
i“ TepHogom T, noswyyaerca 


6 m/cek. 


Puc. 1. Sapucumocts koappuuu- 

Kein! Coe Tes €HTa TYPOyJICHTHOCTH OT CKOpo- 
CTH BeTpa 

ite p’ — 6e3spa3mMepHbIH KosdppuUHeHT. 

|  Mcxoga us pa3smepHoctu K, B kavecTBe MpocToro pelleHHsA 9TOH 3aqaun 

|Boyyex moslaraer 


Tora 
, anr 
K =p ae ’ 
| WI 
Ko= pac, (5) 


Tye C — CKOpOcTb pacipocrpaHeHua BouHbI. Kak oTMeyaeT aBTOp, BbIparkKeHHe 
(5) uMeeT cMBIC B TOM CJlydae, CCIM p’ ABMAeTCA MOCTOAHHOH BeJIHUHHOH. 
TakuM o6pa30M, Ha Bolpoc o 3aBHcuMocTH K oT MapaMeTpOB MOpCKMUXx 
BOJIH HMeIOTCA [Ba OTBeTa, 06a H3 KOTOPBbIX YAOBNeTBOpAIoT pasMepHocTu K. 
Ja mpoBepKu MpaBuJIbHOcTH BbIparxkenul (4) u (5) Oblia ucOmb3s0BaHa 
KpHBaa 3apucumoctu K or cKopocTu Berpa (pyc. 1), mowyyeHHad Hamu Ha 
OcHOBaHUH H3MepeHHit B Mope. PakTHUeCKH MpOBepKa STMX BbIPAarxKeHHli CBO- 
Wurca K TOMY, YTOObI YCTaHOBUTb, B KaKOM M3 MpeWIO%KeHHEIX BbIPaKeHHH 

KoapiHUHeHT P ABJIAeTCA MOCTOAHHBIM. 
Tak Kak HHCTPyMCHTaJIbHbIX U3MePeCHHH SJIEMeCHTOB BOJIH y Hac He ObWIO, 
TO JIA MX BbIMHCICHHA UCIHONb3OBaIMCb H3BECTHBIE 3aBHCHMOCTH, KOTODpBIe 
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NOSBOJIAIOT BEIUHCIATb 3JIEMeHTbI BOJIH MO CKOPOCTH BeTpa H pa3rOHY BOJIHB!|") 
Tanbuelimnit xoq BpruceHHH KORpPHUHeHTOB P Hp’ 

P ae 

D2 TO 


mpuBeyeH B Ta6u. 1, re v — cKopocTb BeTpa; 3HayeHHA K CHATbI C KPHBO)}p 
puc. 1; h —spicota BomHbl; T — mepHO, BOJIHbI; C — CKOpOCTb paciipom 
CTPaHeHHA BOJIHbI; @ — aMMIHTYa BOJIHEL. . 


Ta6auua 1 


l q i x 

a a Me 4 is) 

° ° i) \ 

3 z| & z Be A = | 2 
s 4 c] on S 26 S Q & 
1,0 3,3 | 10} 0,45| 70 222 350 | 1,49] 0,94 
1,5 4,7 | 45 | 0,67} 105 336 790 | 1,40] 0,60 
2,0 7,5 | 20} 0,90; 140 445 | 1400 | 1,68] 0,54 
2,5 | 103226. 4,12). 175 603 | 2270 | 1,69] 0,45 
3,0 | 18,0 | 32] 4,35) 210 760 | 3360 | 1,74] 0,39 
3,0 | 16;8 | 43°) 4557] 245 | 1180 Ale 270 tet 22 ee 
4,0 | 24,2 | 50] 1,80) 280 | 1390 | _7000 | 1,52) 0,20 
4,5 | 26,2 | 60] 2,01] 314 | 1790 | 9400 | 1,46] 0,28 
5,0 | 33,5 | 70| 2,24] 350 | 2200 | 12250 | 1,45] 0,27 


Kak caeqyetT u3 Tab. 1, KoadduuNeHT p’ YMeHbINAaeTCA MPH BO3pacTaHHH) 
cTemeHH BosHeHHA. KosddbulueHT p ABAAeTCA MOCTOAHHBIM (B Mpeemtax TOU 
HOCTH H3MepeHHH); cpeqHee 3HaueHHe p paBHo 1,5-10°7. Oror pesybTaT cue- 
WyeT paccMaTpHBaTb KaK MOJTBep2%KZeHHe HeMOCpeCTBCHHbIMH H3MePeHHAMH 
B MOPe BaxXKHOH 3aKOHOMePpHOCTH, TeopeTH¥eCKH ycTaHoOBeHHOH C. B. Jlo6po- 
KJIOHCKUM. 


UepHomopckoe oTgemenHe Tloctynusto 


MOPCKOrO THAPOPH3sH4eCKOrO HHCTHTYTA 10 Ill 1957 
Axazemuu Hayk CCCP 


UMTHPOBAHHAA JIMTEPATYPA 
dots a ommel, A. Woodcock, Trans. Am. Geophys. Union, 32, Ne 4 (1951). 


Spl erdrup, The Oceans, N. Y., 1942. %C. B. Mo6pokn0uexk wom 
JAH, 58, Ne 7 (1947). * K. F. Bowden, Phil. Mag., 41, Ne 320, 907 (1950). 
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Jlokxaayn Akagemun nayrk CCCP 
1957. Tom 115, Ne 3 


TPEO®HSHKA 


JI. H. PYTMAH 


NPHMEHEHHE METOJIA JVJIMHHbBIX BOJIH B 3A AYE 
OBTEKAHHSA TOP 


(IIpedcmasneno axademuxom A. A. JLopodxuyotnotm 19 II 1957) 


PaccMOTpuM B CHCTeMe KOOPAMHAaT xX, Z (x — rOpu30HTaIbHad KOOpsMHaTa,. 
Z— BepTHKaJIbHad, HalpaBJIeHHaA BBepX) WWIOCKylO CTalMOHapHy!o HeJIMHel- 
/HY!O 3ayauy O BOSYUIHOM NoTOKe Hal ropoh, rOpu30HTaJIbHble PasMepbl KOTOPOK 
|HaCTOJIbKO OOJIbILe BEPTHKAJIbHbIX, UTO JIA PeIeHHA 3afa4uH MOKHO BOCIOJIb30- 
BaTbCA MeTOJOM JWIMHHBIX BOH. Mea 1pHMeHeHHA 9TOFO MeTOMa B aHHOH Mpo- 
i Oneme Oblia BEItBuHyTa VW. A. KuGesem (+), Ho VW. A. Kn6enb orpannunsca Tem, 
l 4TO CBeJI 3aauy K BECbMa CJIO2XKHOMY OObIKHOBCHHOMY HeJIMHeMHOMy Auddpepexun- 

aJIbHOMY ypaBHeHuio*. O6umlero pelieHHA STOTO ypaBHeHHA MO CHX MOp HeT; 

TIOMYUYCHbI JIHIIb HEKOTOPbIe pe3yJIbTaTHI B BECbMa YIIPOWeCHHOM MOCTaHOBKe 3a- 
‘fam (?). 
| Vmes B BUY OMeHHTb BJIMAHHE BEPTHKAJIbHOrO rpaMeHTa CKOPOCTH Ha Xa- 
| pakTep TeyeHuaA, PaCCMOTPHM B HacTosleH cTaTbe cly4yal, KOa CKOPOCTh HaGe- 
Taroulero NoTOKa Basi OT TOpblC HaBETPeHHOM CTOPOHbI H3MEHACTCA C BbICOTOK 
M0 JIMHeMHOMY 3akOHYy. OTnpaBsAACch OT OOMeH CHCTeMbI YpaBHeHH TepMOrMypo- 
‘JMHamMuku aTmocdepbl, Mpou3sBeseM yNpOULeHHA TeOPHH KOHBeKILMH HM, Kpome 
| Toro, mpeHeOpexkem TypOyeHTHOCTbIO H cHyIOoH Kopnounca. 

4) ,; 

3) 2 


} 


Torfa mpufem kK culeqyiouleh cucTeme ypaBHeHHH: 
Ou Ou On ADA Ou / Pinas ce 
Lane er ROIs (FSS se RO, (5) a 


ao, 08 be BO aces Oona 
egestas Cental reteus retn MAU MUNEN homers 


| SleCb UW, W — COCTABJIAIOUIMe CKOPOCTH BeTPa BAOJb OCel X, Z COOTBETCTBEHHO; 
$, p’ — OTKJOHEHHA TemnepaTypbl u aBseHua oT 9 u P — 3HaueHHH 93THX 
3JIEMCHTOB B HeBO3MYIICHHOM MoTOKe; R — ra30BaA NOCTOAHHAA JIA BOSTyxa; 
u = 1, + d6/dz, roe ya — cyxoaquaOaTuueckui rpaqueut. Atmocdepy Oyem 
UpeqnouaraTb crpaTupulupoBaHHow ycTouuso**, wHaye roBops, YyCJIOBMMCA, 
yTo p>0. 

TlomecTuM Ha¥aJl0 KOOPAMHAT Ha NOBEPXHOCTb 3eMJIM BOJIH3H OCHOBAHHA TOpbl 
C HaBeTPeHHOM CTOPOHbI UM Mpesxnomox*xuM, TO Ha BHICoTe H, KoTOpy1w Oyyem 
CUHTaTh H3BeECTHOH, UMeeTCA TBEpAad rlakKaA POPH3OHTaJIbHad CTeCHKA, OFpaHu- 
quBaIollad MOTOK cBepxy***.Torya, B COOTBETCTBHH C MOCTaHOBKOH 3ajauu, Kpae- 


* A. A. Jlopoquuuplny yasocb YMCIeCHHbIM MCTOJOM MOYUHTb YacTHOe pelweHHe STOTO- 
ypapuenua (JoKnaq Ha cemuHape OJIM Lleutpambuoro uucTuTytTa mpornoson, 1949 r.). pu 
3TOM BITEpBbIe ObIIO YCTAHOBJIGHO, ITO B aTMOCPepe Ha OOTeKAeMbIM MpeNATCTBHEM MOryT BOSHHK- 
HYTb 3aMKHyTbIe JIMHHH ToKa. HeqaBHo MoqoOHble ABJICHHA Obl OOHAPy2KeHbI yTeM HaOMOZeHHH 
B mpHpoge (Kiotruep 4H Jp.). 

** Banaya JolyckaeT pelleHHe HB Cyyae UX 0, OHAKO JIA METEOPOMOFHU STOT cyyal He 


MpeycTapaaeT Oobuioro MHTepeca. 
*** Tloxagano (3), uTo mpesxmosoxwKeHHe O HaJMYMH TaKOH CTeHKH JA MaHHOH s3ayauv 


MpaKTHYeCKH TOKMECTBEHHO MPeMOJIOMRKeHHIO O CYIIeECTBOBaHHh cBOOORHOK MOBeEpXHOCTH 
NoTOKa. 
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'Bble YCJIOBHA MO*KHO Oyler 3allvcaTb B BUTE . 
u=a+6z, =O Tp += — ow; (2) 


w=ud'(x) mpu z=—8(x) >0; w=p'=0 npu z=H, 


Tle a>O u b>0—3ajjaHHble NOCTOAHHbIe BeJIMYHHDI, 2 = 6 (x) — ypaBHe- 
HHe MpoOpuiaA Propet. i 
Tlepeliqem Tenepb K pellleHMio 3afa4v, IpesBapHTebHO TMOJIOXKMB p. = const, Hf 
§ ='const, «= 0. : | 
Brejem B (1) u (2) dyHKumo ToKa ~ M3 cooTHOeHHH u = Op/02z;) 
w= —0O/Ox uw 3aTeM HCKsIOWNM JlaBeHHe us cucTembI (I). Torgqa BMeCcTO 
(1) u (2) nomyauM : . 


ab a8 ab as i aes | 

a api A oer Mee: ()) 

Ee ee EEL | 
Meal — G3 One TIAE EAM (4) 
baaz+S2=he(2); 9=0 mpa x=—ox; (5)! 
$=0 mpa z=3(x); b=aH+--H? npuz=H. (6) 


Iloce oTbickKaHHa % BOSMYLICHHe JaBJICEHHA p’ MOXKHO BBIYHCJIHTb TlyTeM } 
KBagpatypp. [lostomy B JlavibHeHWlemM ypaBHeHHe Ia p’ He paccCMaTpHBaeTca. 

B pa6ore (°), OTHOCHUMelicA K TEOPHH KOHBEKIMH, yKa3aHO, 4TO ypaBHe- 
mua (3), (4) uMeloT NepBbie HHTerpavbl* 


9 = f(b) — pe: | 
oe = fe (0) + efi), (8) | 


rae f,(¥) u fo(v) — upousBozbHbIe (yHKuHH. B yaHHow 3ayaue BHA 93THX 
(YHKUMM OlpeserseTcA IIpH NOMOWH ycmoBuu (5). 
JleticrButTebHO, Tomarad B (7) X= — oo, BcmeqcTBHe (5) HMeeM 


fi (Peo) = pz, rae z= (Va? + 25), —a)/b. 


SaMeHAn 3yeCb apryMeHT ~. Ha Y, 4YTO JOMYCTHMO, TaK Kak BH PyHK-| 
UHH OT 9TOTO He H3MeHHTCA, NOyYIHM 


fi (0) = Va + 260 —a)p/b. 


Avaorwunbim mytem w3 (8) Haxoqum f,(v). Ulogcrapnan f,(0) HH f2(¥)¢ 
B (8), OyqemM HMeTb Jia ~) HewHHelHOe ypaBHeHue ** | 


mp pi A UA (a + bz} (9) + 
oz? b bVat+2bb— . 


* Ypapnenne (3) MONO npedcTaBuTb B Buge O(p, 9+ uz) /A(x,z) =O. Orciona BbiTe- | 
KaeT CylkeCTBOBaHHe MHTerpavia (7). AnasOrMuHbIM NyTeM MO2KHO yOeQUTECA B cnpaBeznu-e | 
BOCcTH (8). 

** Tlepexoga B (9) k npegeny b> 0, nonyyuM JHHeiHOe ypaBHeHne, pelieHue KoTOporo 
ObIN0 MOAPOOHO uccseoBano P. P. JIonrom (4). 3ameTuM TakxKe, ITO NpH HCHOMb30BaHHH Now- 
HOrO TpeTberoO ypaBHeHUA JBH2KCHHA, a HE YpaBHeHNA CTATHKH, KaK STO AeNaeTcA B corma- 4 
CHU C MCTONOM JWIMHHBIX BOJIH, Mbl HM@JIM Obl B NeBOH YaCTH ypaBHeHHaA (9) BMecTo O2y / dz? 
Jianmacvan or ) MO MepeMeHHEIM Xx, Z. : 
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| Bseyem Tenepb Gespasmepnpie BenmunHpt Z, A, « u B u3 coorHomeHnit 
RE = z/H; A=3/H; «= a/bdH; B=b/Vpr—0,2562 u nepefinem B (9) 
HOBOH He3aBHCHMOH OespasMepHon MepemeHHOH 

1 


oe he adZ 
jel eae ato) 


puHaB ZB KayecTBe HeH3BecTHOH dbyHkuHH. B pesyaprate BMecto (9) 
DYeM HMeTb 


20" + (1 — 4/48) 2’ + (B + 1/488) (Z-+ a) =0, a 


Te WTpHxXoM OO6O3HayeHa NpoHsBofHad no y. CormacHo (6) ypaBHeHue (11) 
afI@XKUT PeWIMTb, YOBJETBOPHB KpaeBbIM YCJIOBHAM 


Z=1, Z’=—(l+4)8 npw y=0; (12) 
Z=A, Z'=—af mph y=Y, 


rye Y — 3HauenHe, KOTOpoe NPHHUMaeT Y, KOra HWKHUM Mpefem uHTerpauta 
\(10) cranosutca papupm A. OuepHgHo, uTO xapakTepHcTM4ecKoe ypaBHeHHe, 
COOTBETCTBYIOINee JIMHeEHHOMy ypaBHeHuio (11), umMeeT KopeHb— 8. Suan 
MH KOpeHb, 6e3 Tpya HaXOAHM JBa OCTaJIbHBIX: 0,58-+/. 

Takum o6pa30m, o6mlee pellieHue ypapHenua (11) 6yyer 


wT 


Z = Cye—8Y + e'hBY (cy sin y + ccosy) —«. (13) 


| Tlogcrapasan (13) B (12), nomysyaem cuctemy 4 amre6panueckux ypaBHe- 
HHH OTHOCHTeJIbHO HeEH3BeCTHBIX Cy, Cz, C H Y. M3 ato cucTemMbl HaxO,UM 


ity = 1+a—c, Cc, =—1,58c u 


e“leBY 14 — a (e8¥ — 1) 


eh®Y __ cos y (= : 8 ) sin 


lupuuem Y jouKeH ObITh ONpefeeH H3 TpaHCIeHJeHTHOrO ypaBHeHHA 


c=c(Y)= (14) 


A=F(Y)=(4+ : B) e's o (Y) sin Y, (15) 


“YTO, MO-BHJMMOMY, Mporlle Bcero cjlelaTb rpacdwuecKHM TyTeM, MOCTPOMB 
Kpusyio A=F(Y). Uro6p BalyetuTb “3 OeCYHCJIeEHHOrO MHOKECTBAa pelle- 
HuH ypaBHeHua (15) nub Te 3HaueHHa Y, KOTOPble yAOBJIeTBOPAIOT 3ajaye, 
/3ametuM, uTO pu A=O o6s3aTeMbHO JOJMKHO ObITb C=O, B YeM MOXKHO 
yOeuTbea, ecm nojcraBuTb Z u3 (13) u BeIpaxenHue Ja 


(GY -11. t 


ABUIAIOWeecH CeqcTBHeM (10), B ycuoBue (5). Orciofja BbiTeKaeT, 4¥TO TIpH 
FoTpickaHuH Y MOXHO TOJIb30BaTbCH TOJbKO TeM yuacTKOM KpHBoH A = 
=F(Y)>0, koroppit npumprkaer K Touke Y=Blln(l +71). B saron 
_touke c uw A, cornacno (14), oOpatmaorca B Hyvib. 

Tenepb HETPYAHO MOCTPOUNTh CSPopMYVIbI LIA u, W, dM p’, IIpW4eM BCe 3TH BeJH- 
UMHbI OyAyT, Tak Ke Kak Z ub, 3aBMCeTb Mb OT AByX NepemeHHpIx Au y. Ecan 
IIPHHATb y B KauecTBe He3aBHCHMOrO MapaMerTpa, TO pacueT sNOOOK MHTepecyto- 
mei Hac (PYHKUMM He BCTpeTHT Kakoro-HO0 3aTpyAHeHHA. 

Takum o6pa30M, MocTaBjeHHasd 3ajaua peuleHa. AnalusupyA nomyueHHoe 
pemenue, yOexKaeMca B TOM, UTO HMEIOT MECTO TPH Pa3sJIMUHBIX OOMAaCTH 3Haye- 
Hui WapameTpos « u B (B MIOCKOCTH MepeMeHHEIX &@, B). 

Bo-nepBbIx, 06/1aCTb, B KOTOPOli pemieHHe CYMLECTBYeT IPH JOObIX BbICOTaXx rop. 
Dra o6lacTb CaMad OOMbIUAaA NO NIOMLaWW HU, KPOME TOFO, OHA OXBATHIBAET Te 3Have- 
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HHA %H BP, KOTOPHIe Yale BCeFO COOTBETCTBYIOT JCHCTBUTEJIbHOMY pacnipeeeHH)} 
BeTpa B aTmocdepe. Ilostomy ocymlecTBIeHve B IpHpoye ABUKeHHH, OM3KHX Tiff 
CBOeMY XapaKTepy K PelICHHAM, OTHOCAMHMCA K 2TOM OOMacTH, HaHOosee Belk 
poxstHo. Bo-BToppix,  o€) 
oa JacTb, B KOTOPOH 3ajaull 
3 HMeeT HEIpPepbIBHOe pelllele 
Hue TOJIbKO B TOM cjlydael 
ecJIH BbICOTa ropbl He Oyzey 
6 IIpe€BbIluaTb HEKOTOPOrO KPH 
TAYECKOFO 3HaYeHHA, 3aBUCA 
ulero OT 3HaveHHH UHCe &)| 
4 8. (SameTHM, 4TO KPHTHY 
CKHe BbICOTHI JIA OOJIbILMAIE 
my CTBa 3HayeHHH @ u B lear }I 
2 mpenemax 0,5—1,5xm. Hanjl 
Oobiiee 3HAYCHHE KPHTHUE|E 
CKOM BBICOTHI OKONO 2,5 KM. | 
ee a ee Ec BbicoTa roppi copnana\ 
0 0 0 Fim @TC KpuTuyecKol*, To, coy 
rulacHoO peluieHHio 3aayuH} 
Ha], MOABeTpeHHOHM CTOPOHO} 
TOpbl JOuxKHAa OOPasoBaTECs} 
oOJlacTb (HHOrga Be WH TPH OONACTH, Ha pasHbIX BpbICOTaX) CXOMM 
MOCTH JIMHHii ToKa (HeyYTO BPpose cTpylHoro teyeHua). B pane ciyuaell 
MeTeopoJlorMueckan KapTHHa HarloMuHaer Oopy. Ecumm Bpicota roppl He JOcTH! 
raeT KPHTHUECKOLO 3HayeHHA, TO pellleHHe MOMOOubIX ocoGeHHocTeli He JaeT. Ha 
JIM4Me PelIeHHH, COOTBETCTBYIOWIMX 
KPHTHYeCKHM BbICOTaM Top, OODAC- 
HAeCTCA, MO-BUHMOMY, BO3HHKHOBEC- 
HHeM CBoeoOpa3Horo HeJIMHeHHOrO pe- 
30HaHCa, OOYCIOBIeHHOrO B 3HauH- 
T@JIbHOH CTeMeHH  CYIIleCTBOBAHHeM 
BepTHKaJIbHOrO TpafMeHTa CKOPOCTH 
B HaOeraroulemM moToKe. Haxkounell, B 
TpeTbeH oOacTH 3HaueHHH au B, 
BECbMa He3HAUHTeJIbHOH 0 cBoeli 
Wwiowlalu, 3ayaya Boodbme He HMeeT 
HelipepbIBHOrO pewmeHud. Ham npey- 
CTaBJIAeTCA, UTO 9TOT (PaKT YKas3bl- 
BaeTHa (u3uueCKyIO HeEOOXOLMMOCTh 
oOpa3s0BaHHA 3aBHXpeHHH MM OTpbIBAa 
cTpyl OT MOBepXHOCTH ToOpbI IpH aH- 
HbIX 3HaYeHHAX « UB. 
KapTuua JIMHUM TOKa, paccunTaH- Puc. 2 
Had m0 dopmyam (13)—(16) ana 
Cly¥ad TOPHI, BbICOTa KOTOPOH paBHa KPHTHYECKOH BbICOTe, NOKasaHa Ha pu. 1. 
AvanorMunad KapTHHa JIA POpbI, BbICOTa KOTOPOM He ocTuraeT KPUTHUECKOrO 
3HaveHHA, ana Ha puc. 2. | 
B 3aksuOUeHHe CUHTAIO CBOHM JouroM no6marolaputTh Vi. A. Kn6ena 3a eH-} 
HbIe CoBeTHI, a TakxKe HM. A. Pyauepy 3a MOMOIIb B pacuerax. 


Uncrutyt pu3uku atmMocdeppl Tlocrynusto 
Axayzemuu nayk CCCP 18 11 1957 
UMTHPOBAHHAS JIATEPATYPA 
1H. A. Ku6eus, Ipuxn. matem. wu mex., 8, N25 (1944). 2H. A. 
Lfentpaubu. nHcT. mpornosos, B. 30 (1947). 38H. E.Kouun,H.A.Ku6ea b, H. B. Po- 
ge, Teopetuueckas runpomexanuxa, M., 1955. 4 R. B. Long, Tellus, 7, M 3 (1955). 
A. F. Pillow, Aero. Res. Lab. Melbourn. Rep., A 79 (1952). 


Puc. 1 


Kin 


* 2 
cheep TOpa KPHIHYCCKOH BbICOTbI HMeeT dopmy MwaTo, TO peuleHHe Oka3bIiBaeTcaA ABY— 
‘ M. 
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Hoknsano Akayemun nwayr CCCP 
1957. Tom 145, Ne 3 


TEXHHYECKAA PH3HKA 


B. A. KASAHILEB 


MCCJIEMOBAHHE K-KPAS NOPJIOIMEHHA XPOMA Bb « un o-PA3ZAX 
-CHCTEMbI CHJIABOB Fe—Cr 


(IIpedcmaeneno axademuxom I. B. Kypdtomoeoim 10 I 1957) 


Hacrosuree MCCICMOBAHHE OTHOCHTCA K H3YYeHMIO TIpuposb! sasoBeix mpe- 
ppamennl B MBOWMHBIX MeTaJIIMUeCKUX CWaBax HW ABJIACTCA NpOMoJKeHHeM pa- 
JOOT aBTopa, HauyaTbIx B 1950 r. (7,2). 

| B o6OsacTu cpeqHHX KOHWeHTpalHi cnaBoB cuctempl Fe — Cr Ha6mronaert- 
ica tpa3s0Boe TipeBpatleHue (~—0), CONPOBOKMawolleecA KOPeCHHBIM H3MeHeEHHeM 
NCTPYKTYPbl KPHCTaJIMYeCKOH pelleTKH criaBa. Ilpu stom mpoucxoyUT u3Me- 
Henne pada (busMueCKHX CBOHCTB: NOABJIAIOTCA TBEPLOCTh HM XPYMKOCTb, NOYTH 
1B 40 pa3 yMeHbilaeTCA SJIEKTPOMPOBOAHOCTh (H3MepeHO aBTOpPOM), wcuesaeT 
ipeppOMarHHTHOCTh HM T. Q. 

M3BecTHo, TO 3a pA PusM4ueCKUX HM XHMMYECKHX CBOHCTB MeTAaJIJIOB Mi Criia- 
‘BOB OTBETCTBEHHbI, B OCHOBHOM, BaJICHTHbI€ QJIEKTPOHbI ATOMOB — HX pacripe- 
JlesleHve lo 9HEpreTHYeCKUM COCTOAHHAM B KpHCTadMuecKOH pemlerKe. Orcroga 
| OUCBUHO, UTO Goslee HJIH MeHee IIPAMbIe OTBETHI HA BOMPOCHI O MPHPoOe BOSHUKHO- 
BeCHHA o-(pa3bl HO NPWUMHAaX MOABJICHHA HOBbIX (U3H4eCKUX CBOLCTB CIIaBOB 
culeflyeT HCKaTb IIpH NOMOMLM PeHTTeHOBCKHX CIICKTPOB, BOSHHKHOBEHHE KOTOPBIX 
CBAZAHO C BaJICHTHBIMH JJIEKTPOHAMM ATOMOB, OOpa3yYIOWIMX KPHCTaJIHYeCKY!IO 
| pemerky cmuaBa. 

_ Asropom 6nl0 o6HapyxeHo (7), TO Nepexoy caBa M3 &- B o-(pasy BeCbMa 
|3aMeTHO CKa3bIBaeTCA Ha Pa3sJIMUHbIX XapaKTePHCTHKaX JMMCCHOHHbIX PpeHTTe- 
| HOBCKUX CMeKTpoB aTomoB Fe u Cr, B uactHocTH, Ha K f,-nosocax ux. Bauanne 
tpespamenua ao Ha K 6,-MouOCbl OKa3aJlOCb CTOJIb CYILECTBEHHBIM, YTO ero 
| JlerKO MOXKHO G6bIIO HaOMOLaTb pH NOMOUM MpHOopoB c OObINHOH AHcnepcnert 
| 6—8 XE/m. Pe3yapraTpi yYHOMAHYTOM paOoThl NO3BOUIAIM CYMMTb JIMLUIb O 3arlou- 
HeHHDbIX SJIEKTPOHAMM TlepeKpbITHIX 3d- u 4sp-cocToAHUH, BOMpoc Oo HesanlouHeH- 
| HBIX COCTOAHHAX OCTABAJICA OTKPHITbIM. B cBxA3M C 9THM ABTOPOM OblJIO Ipegwnpu- 
| HATO HOBOe CPaBHUTeMbHOe MCCMEMOBaHHe PeCHTTeCHOBCKUX CMeEKTPOB aTOMOB Fe 
|u Cr B a HW o-cha3ax, a HMeCHHO, — CIeKTPOB MOrJolleHHa. 

| Ucnomp30BaHHe JaHHbIX 9KCNEPUMeHTA MO PCHTTCHOBCKHM CIIEKTPaM 9MHMCCHH 
| M@ TIOTIOWICHUA OOOMX KOMIOHEHTOB CilaBa B &- Hu o-(bazax, a TaK*Ke MaHHbIX 10 
MCCICNOBaHUMIO CTPYKTypb! o-cpasp (*), Mo-BHAHMOMY, MO3BOUIAeT OM2Ke NOLOMTH 
K BOMpocy O MpHpose o-tasbl, O MexaHH3Me e€ BO3HHKHOBCHHA, a Tak Ke 
© lpupoje cBolicrB o-da3sbl. B HacTosuleh paOoTe NPUBOAATCA pesysbTAaTHI, OT- 
HOCAIMHeCa K H3y4ueHuIo K-kpax MorsoujeHua xpoma B «- u B-cbasax. Mcrioub3o- 
BaJIMCb Te Ke OOPaslibl CMVaBOB, UTO H B padoTe (?). 

K-Kpaii NorsolleHua XpoMa B &- u o-(pasax CHUMAJICA TPH TOMO BbICOKO- 
BaKYYMHOPO CBETOCHJIbHOrO CleKTporpada C M3OrHYTLIM KPUCTaJJIOM BO BTOPOM 
nopalKe orpaxkenua. JluHelHaA Lucnepcua mpHOopa K STO OOacTH cneKTpa 
coctapiana 7,45 XE/mm. Torpewnocty B onpeyeieHuv 9Heprul TOUeK MepernOa 
MOOC NOTMOUIEHUA He BLIXOMMIM 3a Mpezembt 0,4 9B. OT oOpasoB «- u o-cpas 
6bII0 HomyueHo mo 12—15 cnexrpos mormomenua. Bee cneKTppl MUKpodTomer- 
pupoBaJIcb pH NOMOMLM CaMomMUTyuLero MUKpodoTomeTpa (*) Npu yBemM4yeHUAX 
3B 8 pas. Ha puc. | npaBegzennt MakpodotorpamMpl K-Kpaa norviomenua Cr B a- 
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Pes Ie ops K-Kpait noramoujenna XpOMa B o 
HHA XpoMa B o-ase; AB—4sp-nonoca no 
NOPIOWeHHA 


pase; 6 — K-xpaii nornome 
raomenua; BC — §d-nonocat 


ee a | a 


ly o-pasax. Pacuersl npoBoquuucb No Bcem MuKpodotorpammam. Jlna KaxKyoro. 
MeKTpa NOrOUuLeHuA CTPOMICA rpaduK 3aBucuMocTu—lg S, mnponopmMoHambHOrO 
KOSPPUUMEHTY MOPIOMWeHHA PeCHTTeEHOBCKHX Jy4ell t, OT 3HeEpruu MorsowmeHHOrO 
anta FE (B 9J1eKTpOH-BOMbTAaX). OTOT rpacpHkK JaBasl BO3MOXHOCTH cpa3y BBI- 
ABUTb POPMY H ONpeseUTH NoNOKeHue K-Kpasxdt NOPMOWeHHA Ha WkKase 9HeEprHi. 
O BHHMa@HHe IIPHHMMaJIMCb ycpesHeHHble Ha rpaduke Kpaa NorsouenuaA. OHo- 
#8 PCMCHHO HMeJaCb BO3MOKHOCTh OLWCHHTb MOPpewHOcTH OMbITa. 
Bp mouyuenbl cieqyrome pesyJbTaTyt: 
1. K-Kpah normomenua xpoMa Mp nepexoye civiaBa 3 «-B o-cba3y cme- 
\mlaeTCA B CTOPOHY MeHbIIMX 2Heprul. CmemeHHe TouKH Mepern6a 3d-nonocbL 
|MOrsOMeHAA COcTaBIIAeT 3,2+0,4 98. Cepequna 4sp-nonocbl norjomenua pu 
H9TOM TlepeMelilaeTca Ha 4,6 9B. 

2. louHasa wupuua 3d-nonoce! norsmomlenua Cr B «-cbase cocrapuser 11,2 9B,. 
a wilMpuHa 4 sp-nosoch — oKxouio 17 9B*. Tlepexoy B o-cha3y conposoxsaerca 
| YMeHbINeHHeEM INMPHHbI STHX MOMOC COOTBETCTBEHHO Jo 7+0,8 9B u 13+0,8 9B. 

ConocTaBsleHHe IPHBeeHHBIX OMBITHBIX JaHHbIX C pesyJbTaTaMu uccIeO- 
BaHHH SMUCCHOHHBIX K $,-novloc Cr B «- u o-cpasax (?) yKa3bIBaeT Ha TO, YTO Mex] 
|MOBeeHHeM CHeKTPOB SMMCCHH HM MOroweHHaA aTomMoB Cr B OHHX HM Tex Ke (pa- 
|3aX CllaBa MMeeTCA MOMHOe COrlachHe. ITO NO3BOJIACT CUHTATb, UTO HHTepmperta- 
\HA CMeKTPOB, JaHHad aBTOpoM B pa6ooTe (7), BMOHeE YOBMeTBOPHTebHa. 

EcuM ONycTHTb, YTO IPH BbICOKOM TemuepatType, OTBeUaIOlleH OOpas0BaHH10 
o-Pasbl, IpOHCXOMHT MepeXof HECKOJIbKUX IIEKTPOHOB (B CpeHeM Ha HEKOTOPOe 
KOJIMYECTBO ATOMOB B pellieTKe cilaBa) OT XpOMa K *Keslesy, TO OOHapyKeHHoe 
‘MlopeyleHve SMucCHOHHBIX KBs -mosoc (7) H K-KpaeB MorJioWleHua %Kesesa U Xpo- 
Ma B &- H o-(pa3axX CTaHOBHTCA MOHATHHIM. Tlepexoy 9IeKTPOHOB OT XpoMa K 2Ke- 
| esy JOJKEH CONPOBOXKMaTbCH TOHHKCHHEM BePXHeH TpaHHIbl 3allOJIHCHHbIX 
'3d-cocTOAHHHM aTOMOB XpOMa H TOBbIIMeHHeM STO rpaHuubl y »*xeesa. B TaKOM 
cmyyae 9Heprua KBs-poTroHa xXpomMa OJKHA YMECHDIMTbCA, a 9HeEpPrHA 
Fe KBs-orona Jomkna yBeananteca. Ulupuua 3anonHenublx 3d-coctoaHHi 
| aTOMOB XpOMa pH STOM JOJKHA YMCHDINMTbCA, MHTeEHCHBHOCTH Crk B5-NosOcbl 
| fospKHa MonMsuTEeA. HaoOopot, WHpuHa W HHTeHCHBHOCcTb K§5-Mosochl *Kesesa 
| NOu2KHbI yBernuuTpes. Uto kacaetca K-kKpaezB Norsomwenun Fe u Cr, cBa3aHHbIxX 
|| © HesallouIHeHHbIMH 3d-cOCTOAHHAMH COOTBETCTBYIOIIMX aTOMOB, TO YKa3aH- 
HbIH Tepexo]| 9CKTPOHOB JOJKeH TIpMBecTH K cMelleHHIo FeK-kpas B CTO- 
| pony OOnbmIMX 9SHeprul, a CrkK-KpaxH MorsolleHuA B CTOPOHY MeHbIMUMX 
| 9Heprul. CooTBeTCTBeHHO JIOJIKHbI HSMCHHTLCA MW WAMPMHbI KpaeB MorJOuleHAA 
O60HX aTOMOB. OJHOBpeMeHHO MOXKeT TpOH3OHTH KOMMeHCalMA ATOMHbIX Mar- 
HUTHBIX MOMEHTOB H H3MeHeEHHe 3JIEKTPOMPOBOAHOCTH. OKCHEPHMeHT OMHOCTHIO: 
NOATBep*XaeT BCe BbICKASAHHble 3Jecb NOJOKeHHA. 

BecbMa BepOsTHO, ITO Mepexo SIEKTPOHOB K aTOMAM XKeJle3sa CyllecTBeHHO: 
H3MeHAeT B3AMMOJeHCTBHE *Kese3a U XPOMA, UTO, NO-BUAMMOMY, H BbISbIBaeT KO- 
PeHHOe H3MeHeHHe CTPYKTYPbl KpHcTasMYeCKOM pelleTKH ClaBa — Mlepexo, 


3 o-(pa3y. 


KasaxcKuHi rocyapcTBeHHbli Iloctynusio 
CeNbCKOXO3AHCTBCHHBIM MHCTHTYT 19 XI 1956 
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Jlornago Axagemun nayk CCCP 
1957. Tom 115, Ne 3 


TEXHHYECKAA PH3HKA 


P. B. POSEHBAYM u O. M. TOJIEC 


CTECHEHHOE NAWEHHE WIAPA B LWJIMHAPHYECKON TPYBKE 
(ITpedcmaeaexo axademuxom II, A. Pe6uxdepom 28 III 1957) 


Auaiu3 3aauu oO CBOOOMHOM NaleHuM TBepforo Wapa B BASKOH 2KHAKOCTH' 
MeTOJaMH TEOPHH NOLOOKA MPHBOLUT K BIBOY O TOM, YTO CKOPOCTb CTallHOHap- 
HOrO MafeHuA ONpefemmAeTCH U3 YHHBepcaJIbHOM 3aBHCHMOCTH BHA 


Re = f (Ar). (1) 


Breck Re = “< _xpurepuii PenHosbyca; Ar = — KkpuTepui Apxume- 
na; d — Mametp iwapa; 6 — MJIOTHOCTbh iWapa; U— CKOpOCTb ero CTAallHo-. 
HapHoro majleHHA; p — MIOTHOCTh XMAKOCTH; vy = v/o — KMHeMAaTHUeCKaA, 
BA3KOCTb MKAKOCTH; & — YCKOPeHHe CHJIbI TAKeCTH. 

Buy 3aBucumoctu (1) ycTaHoBJeH 9KCHEPUMeEHTAJIbHO MHOPOUNCJICHHBIMH ONIbI- 
TAaMH B OUCHb LIMPOKOM HHTepBasle H3MeHEHHA KpuTepueB JO 3HaueHnH Ar~108. 
lo HacTynuleHua Kpu3uca OOTeKaHHA 3TAa 3ABHCHMOCTb HMeeT BHI MaBHOu 
KpuBon (*). Jia yyoOcTBa pacueToB wWemecoo6pasHO nofo6paTb HHTepnous- 
I[MOHHY10 (POpMYVJIY, ONMCHIBAIOLLY!O 3aKOH COMPOTHBJICHHA BO BCeH OONAaCcTH pH 
JlaMMHapHOM H TYpOYJIeHTHOM O6TeKaHHH BIVIOTh JO Kpusnca. Hamu nofo6paHa 
TaKad NpocTad MHTepNosAWMOHHaA dopMysia B Bue 


Des Ar 
O48 Onin aee (2) 


Han6oubluive OTKJOHeCHHA SKCIEPHMCHTaJIbHBIX TOUeK OT 3TOH HHTepino- 


JIAWMOHHOH 3aBMCMMOCTH cocTaBAIoT ~1,5% B aOrapHdbMuMueCcKOM MaculTaGe. 


IIpH MasbIx sHaveHHAX Onpesessioulero KpuTepua Apxumena dopmyaa 
(2) npHuumaer Bug 


Re = 4/,, Ar, (3) 


4YTO COOTBETCTBYeT 3aKOHY COoNpoTuBeHHA CroKca. 
IIpu 6ompmux sHaveHuax KpuTepus Ar 


4 et 
Re = oe VAT > (4) 


ATO COOTBETCTBYeT 3aKOHY coupoTuBeHHA HproTroHa c KoaddpuuHeHTOM co-. 


ae Bae 
NpOTHBIeHHA 6 = —— ner = 0,39. 
IipH nayenuu wapHka mo oOcH UHMHApHUecKoli TpyOku jHametpa D, He 
CJIMINKOM 6OJINOrO MO CpaBHeHHIO C j{MaMeTPOM lWapa, B 3ayaye HMeerca 
BTOPOH Onpeflersiouyui Kputepnl d/D, H 3aKOH CONpoTHBJeHHA B K pHTe- 
PHaJIbHOM (hOpMe JOMKeH MMeTb BU 


I 


x 


Re = F (Ar, d/D). (5) | 
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IIpu d/D—>0 3apucumoct» (5) JomkHa NepelitH B 3aBucuMocTS (1) Lt CBOOOL- 
joro TlaneHus. B npoTHBononoxKHOM MpesembHoM catyuae, pu d/D—>1, map 
JOXKCH 3aKJIMHUTbCA B TpyOKe H Re-—->0. [pu mpomexyrounpix 3HaueHuaAx 
/D pysxuua F(Ar, d/D) toma ObITb ycTraHoBeHa Ha OMBITe. 

OjHakO SKCIePHMeHTaIbHOe OMpeyemenne (byHKWHH OT ABYX He3aBHCHMBIX 
HePCMEHHBIX IIpelcTaBaeT OobuMe TpyIHOCTH. OnbiTb! HYXHO MpOH3BOAMTD 
PH Pa3sIMUHbIX KOMOMHAMAX OOOHX OlpesemmtoulMx Mapamerpos Ar u d/D, 
Mp HaJIM4MM HeMMaBHOrO XOJa HCKOMOM 3aBHCHMOCTH MIM 9KCTPeMyMOB Bcersa 
fcTb OMACHOCTb MPONYCTHTh 9TH JeTaH. Kpome Toro, ucnoujb30BaHHe Tosy- 
}CHHBIX SKCICPUMCHTAJIbHBIX Pe3YJIbTATOB B BUNE TaOMMILC JBYMA BXxOaMH WIM 
i 


epHu rpaukKoB TpeOyerT JBOMHOTO MHTepNOMMpOBaHuA UM 3aTPYAHAeT MpaKTH- 
eckoe HCMOIb30BaHHe. PKetaTeIbHO IA 3aBucumoctu (5) NoMOOpaTb cTOMb xe 
| pOcTy!o HHTeEPHOIAWMOHH YO (opMysly, Kak dbopmywa (2) LWIA 3aBucuMocTH (1). 
Ilia BLIacHeHHst XapakTepa 3aBucuMocTH (5) HaMH OBIT NpoHsBeseH mpeyBapu- 
leibHbIi KauecTBeHHBIti TeopeTHYeCKHH ee aHaH3. 

1. T[pu manprx ckopocrax v (BMxKeHHA Iapa uM BCTpeyHoro OGTeKaHHA 
UAKOCTbIO HENOABHKHOTO Illapa cua conpoTuBseHHA F onpefeinetca culamMu 
#ASKOCTH M paBHa 


F = pS do/dn, (6) 


= nd* —nomlayqb NOoBepxHocTu wapa; du /dn — cpequHul rpalHent cKo- 

OCTH %KHKOCTU y NoBepxHocTH wlapa. IIpu cBo6oqHom mayeHuu du / dn = 

~u/d, orkyjja BbITeKaeT 3aKOH Croxkca. B NpoTHBOMOJIOXKHOM CuLy4ae CHJIbHO 

‘recHeHHoro tllagenuan (d/D—+1) Ov/dn~v"/l’, rye v° —cKopoctTb ABuxe- 
o * 

IMA YKHJIKOCTH B KOJIBIIEBOM 3a30pe MEXxKY WapHKoM Hu TpyOKoH; 1° — To-- 

WMHa STOrO 3a30pa; 


Hg ae d 
os 5 ; 6) ce RTs pa pe (7) 


Orcroja IpH CHJIbHO CTCCHEHHOM JBH2KECHHH 


pAb es vd 
jit Bitte) ! pa: (8) 
IIpupasyupaa cumy conpoTuBjieHHa F secy wapvka B %*H{KOCTH 
g— (6—p) u yuntpBaa, uro dD, MOxHO IIpHBecTH paBeHcTBO (8) 


Re = const-Ar(1 —d/D)?. (9) 


| Conocrapsaa (9) c (3), Mbl BuAHM, uTO (9) OTMYaerca OT (3) sameHOl 
KpuTepua Apxumeja Ar Ha HOBbIli KpHTepHl 


Art = Ar(1 —d/D)?, (10) 


Tak2Ke UMCJIeHHBIMH 3HaueHHAMH KOHCcTaHT. IlocKomubKy upu d/D—>0 
Ar*—> Ar, TO OCTaeTCH JHMIb pasMuNe B YHCIeHHIX MHOMKUTeIAX. Pacnpo- 
STpaHAd STOT BEIBOA Ha CJyyal, NPOMexKyTOUHbIe MCAJLy CHJIbHO CTeECHCHHBIM 
HM CBOOOHbIM TaleHHeM, Mbl MOXKeM OXKHaTb, YTO BO BCeH MaMHHAapHOU 
O6acTH 3aBHCuMocTb (5) JOJDKHa HMeTb BU 
_ v(d/D) peed aoe SEC Dar il 
Kcteieungs aC ep 18 Oy) 
2 
rye 0, (d/D), B ormmune or Broporo MHoxKuTemA (1 —d/D)’, qouKHa OpiTb 
(byHKuHel, CpaBHUTebHO MejVIeEHHO MeHsIOWeHCA C H3MeHeHHeM CTeneHH 
crecuennoctu d/D u crpemsameiica kK 1 npn d/D—0. 
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2. Tipu 6ompumx cKopocTrax qBuxKeHHA F onpeseiAeTCA TaBHbIM om 
30M CHaMH wHepmuu u m0 Hbwrouy 
o> Td* 
a Se ( 
3aMeHAd B Ciy4ae CHJIbHO CTECHEHHOFO JBH2KeHHA C GOMbILOM CKOpOCT 
v Ha U" cormacHo (7), MoxHO NpuBectu (12) K Buy 


Re = const-V Ar (1 —d/b)? . (| 

Conocrapnaa (13) c (4), MbI BAAMM, 4TO HB OOMacTH TYpOyeHTHOrO OOTe} 
HUA OCHOBHOe BJIMAHHe CTECHEHHOCTH MaeHHA MPOABJIAeTCA B 3AMeHE KPHTefy 
Ar ua Ar*. Tlostomy mpu mpomMexytounlx 3Hauenuax d/D cneqyeT omnia) 
YTO 3aBHCHMOCTb (5) OKHa MMeTb BUT 


J He van ab 
Reve age ; (| 


re MOMpaBOUHbI MHOKuUTeIb 0, (d/D) NomxKeH ObITh CPaBHHTebHO Mee} 
Mensiomlelica cbynKumel or d/D, kotopasx npn d/D-—-0 crpemutca kK e2MHE 

3. Tlonoxenne mepexoqHoH oOacTH MexKY JIMHEMHbIM HM KBapaTH4k 
3aKOHAMH COMNPOTHBJeEHHA JIA CBOOOAHOTO NaleHHA onpeseiAeTcA BEIM 
KputTepua Re=vd/y, xapakTepu3ylollero OTHOWEHHE CHI HHEPUHH K CHsIaM FY 
KocTu. IIpu cuIbHO CTeCHCHHOM MayeHuu KpuTepHit Re cieqoBaso Obl 3aMeHf 
Ha Re* = v*/*/vy. Ognako u3 (7) cmemyet, uro Re*=Re u, cieqoBaTesbHo, f 
pexofuHad oOsacTb 6yeT pacnomoxKeHa Npu IpHMepHoO Tex 2%Ke 3HaudecHHAX | 
WM COOTBETCTBCHHBIX 3HaueHHAX Ar”. 

IIpupeyeHHple BbIIIe COOOpaxKeHHA YKa3bIBaloT, YTO B TepBOM IIpHOM Kel 
3aBHCHMOCT»D (5) Aid CTeCHEHHOrO NaweHuA WOJOKHAa COBMAaALaTb C 3ABHCHMOCTHIC 
Iwia CBOOOAHOrO NaeHusA, ecIM B NocweqHeli 3amenuTb Ar Ha Ar’, T. e. 


F (Ar, d/D) =f (Ar’)s 


Sajayet SKCHEPHMeHTa JOJLOKHO ABHTbCHA JIMINb YTOUHEHHe 3TOH 3aBh 
MOCTH HM OTbICKaAHHe TOMPpaBOYHOrO MHOXRUTeJA K Hel 


F (Ar, d/ D) = 9 (Ar’, d/D) f (Ar’). () 


OTOT NonpaBounH i MHOKuUTeIb o(Ar*,d/D) Bo BceM wHTepBame H3MeHeE 
NapaMeTpOB He JOJPKeH 3aMCTHO OTAMYATbCA OT CAMHHULI HU B Mpesemby 
Cilyyaax JIMHeHMHOrO HM KBajpaTHYHOrO 3aKOHOB COMPOTHBAeHHA Mepexosl 
BO BBeJCHHbIe BbIIMe PyHKWHH 9,(d/D) u o,(d/D), Tv. e. 


t 


mpu Art <1 o(Ar*,d/D)— 9, (d/D); 
mpu Ar* > 1 o(Ar’,d/D)—¢,(d/D). 


Jl MpOBepKM STHX BHIBECHHLIX HAMM TeOpeTHUeCKH MONO KeHHH ONHOLI 
Hac (*) Obl MpOBeAeHbI H83MePeHHA CKOPOCTH CTeCHEHHOrO HaweHHA CTAaJIbE 
IWAPHKOB BAOMb OCH WHIMHAPM4eCKUX JaTYHHBIX TPyOOK B XKUAKOCTAX pass 
HOH BASKOCTH (MaCJO, MIMWepHH, BOAa HM CMecH MoceqHUX). B sTHx ompitax § 
Juunna d/D u3sMenssiacb oT 0,099 go 0,892, kpurepui Ar or 0,4 no 108 u ech 
BeTCTBeHHO STOMY KpuTepHit Re Bappuposas or 10°% yo 104. B onnolt u3 cep 
ONbITOB MPOXO*KMeHHe WaPpHKa MUMO ABYX METOK, pacnosOx*Kennbix Ha PuKcw) 
BaHHOM PaCCTOAHHM BAOb TPyYOKH, H3MeEPAMOCh C MOMOIIbIO CHeIMabHO CK) 
CTPYMPOBaHHbIX SICKTPOMAFHUTHBIX JaTuHKoB. B Apyroh cepuu TOBepxHO} 
WWaPHKOB MOKPbIBaaCbh PaMOaKTHBHbIMM H30TOMaMH HM Npoxox*K enue wapH} 
MHMO JIBYX M€TOK PerHCTPHpoOBaJIOCb C MOMOMLbIO CUeTUHKOB. 
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PesyJIbTaTbI NPOHSBeReHHEIX OMBITOB (cBbIie 1000) noka3amu cHpaBe_HBOCTS 
NpeAcKasaHHbIxX HaMu CooTHOMeHHH (15) u (16) 4 NosBoOuMAH ONpeyemMTD Nonpa- 
BOUHDIE MHOKUTEIM 01, G2 H 9. 

B «HHeitHow oOnacTu 


9, (d/D) = 1—0,6 d/D; (18) 
WB KBapaTHyHOH OOumacTu 
0, (d/D)=1+2,1d/D(1—d/D); (19) 


HaKOHeL, B NPOMexYTOYHON OOMacTH AIA MompaBOuHOrO MHOXUTeIA — ObIIa 
YCTaHOBJIeHa HHTePNOMAWMOHHAaNA (bopmysa 


‘ d 91 (d/ D) +42 (d/D) Ar“ / 400 (d/D)8 ~ ; 
2 (Art ; z)> rari STEVE ICAL Cleo) | ae (20) 


®Mopmywr (16) wu (20) c focrarouHo cremeHbIO TOUHOCTH OMMCHIBaIOT 
pesyJIbTAaTbI BCeX MIPOBeeCHHbIX HaMH 9KCIepHMeHTOB. CpefHee OTKJIOHeHHe 
He TpeBpluaer 5--10%. Jlanupie, nowyuenHble B paOoTax Apyrux ucce,Oo- 
BaTeyiet (1,%) Id CPaBHHTeIbHO Y3KHX HHTePBaJIOB H3MeHeHHA OMpeseAIOULUX 
Kputepves Ar u d/D, Takxe xopoulo yKmaqyiBaloTcad B 93TH 3aBMCHMOCTH. 

M3 (16), (18) M (3) culeqyeT, YTO MPH MaseHuu WapHKa B CHJIbHO BA3KOM 
muyKoctu (Ar* <1) cKopocTb cTecHeHHoro laqeHua paBHa 


Ee oe d \# apse 
o= (a) I p) (1-085) a 
‘Upud/D—-0 v-—-0, T. e. oveHb MaeHbKMH WapukK MajlaeT OYeHb MeseHHO 
BCJIeCTBHe Masioro Beca. C pyro cTopoup, npH d/D-—->1 onatb v0. 
CreyopaTesbHo, B TpyOKe NocTOAHHOrO yuaMeTpa D =const cKopocTb crec- 
H€HHOrO TlayleHHA MMeeT MAKCHMYyM TPH HEKOTOPOM IIpOMexXYyTOYHOM 3HaveHHH 
d/D. Oupeyesenve MakcuMyMa (byHkunH (21) qaeT 


(d/D)n 0,45, Umax = 0,00092 gD? (3 —o)/p. (22) 


AHaJIOrM4HbIM pacueT pH MayeHHH wWapHKa B MaJIOBA3KOH %XHJKOCTH 
(Ar* S>1) qaer 


(d/D)m220,39, Umax = 0,936 V gD (8—p) /o. (23) 


Cootnouenua (22) u (23) TakxKe NOATBepAMIMCb Ha OMbITe. 

CootHomenua (21) u (22) nmo3sBoOMAOT paClIMpHTb OOacTb NpHMeHeHHA 
WapWKOBbIX BHCKO3HMeTPOB JIA H3MePeHHA Ha CJlydali BICOKOBA3KHX 2KHKO- 
ete. VUcnomb3yi cTecHeHHoe MafeHHe, MOXHO 3HA4HTeJIbHO COKpaTHTb rada- 
PHTbI 3THX BHCKO3HMeTPOB HW COKPaTHTb NPOMOJKHTeEIbHOCTh H3MepeHHA”. 


Tloctymusto 


JleHuHrpagycKHl 
27 IIl 1957 


POpHbIM HHCTHTYT} 
UMTHPOBAHHAA JIMTEPATYPA 


17]. B. I ameu ko, Ipasutaunonnsle Metogp o6oramenua, 1940. #2 P.B. Posea- 
6aym, Jucceprauna, JI., 1955. ?H.D. Arnold, Phil. Mag, 6, 22, 755 (1911). 
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XHMHA 


B. ®. ABPOCEHKOBA, [. MH. JIOTTHHOB u axagemux I. A. PEBUHHJIEP 


CBASbIBAHHE H3BECTH B THAPOCHJINKAT KAJIBUUNSA 
MPH HOPMAJIBHbIX YCJIOBUAX 


IlpuHxATO cuuTaTb, YTO OOpas0BaHHe THAPOCHNKaTa KaJIbILMA UP B3aHMoO- 
WeHCTBHH M3BeCTH C KPCMHeE3eCMOM B BOAHOM Cpese MOXKET OCYM[ECTBIATbCA Tp 
TBEPICHHH H3BECTKOBO-KPe€MHE3CMHCTHIX BAYKYIIMX CTPOHTEIbHbIX MAaTepHaJIOB 
TObKO B YCJIOBUAX PUAPOTepMaJbHOM OOPaOOTKH B ABTOKJIAaBax IIpH TemMMepary- 
pax nopsyKa 170°. Cuvramocb, uTo sTOT Mpotecc Mp COBIYHBIX TemnepaTypax 
He WeT, T. eC. HE NPOABMACTCA B 3AMETHOM IIOBBI- 
WeHHM WpouHocTH ccbopMoBaHHOrO H3lenHA. yele 
Vsyuenuio 2THX Mpoweccos 6biwio MocBAMeHO Jo- 17” 
“TaTOUHO MHOFO paOoT, OOOCHOBHIBaIOWIUX TeEXHOJIO- 
TMYeCKHe CXe€MbI TIPpOM3BOACTBa CHJIMKaTHOrO KHp- 
Mua, JEpenMUbl MH pAa CTPONTeIbHbIX H3MemHH (*). 
JIHaKO HEKOTOPbIe CTPOHTeJIbHbIe VM3eIHMA, Kak, 
ampuMep, CTeHOBbIe OIOKH, Mosyuaroulme Bce Oo- 
mee LIMPOKOe TIpHMeHeHHe B MaMO9TAKHOM CTPOH- p, 72 
TEJIbCTBE, He TPeOYIOT TOM BbICOKOM NPpOUHOCTH, KOTO- ~ 
pad MOxkKeT GbITb JOCTHrHyTa aBTOKJaBHOH oOOpa- 
DOTKON. 
C mpyrol cTOpoHbl, Haim paOorsl Mo pasBHTHtOo 
tbu3HKO-XUMHUeCCKUX OCHOB TeEXHOJIOrHH TPpOu3Bo]- 
IeTBA CTEHOBBIX OJIOKOB (7) MarorT OCHOBaHHe ToJla- 
Wrath, YTO HapAy c rupaTaMOHHbIM TBepeHHeM 
(,*) w3BecTKOBO-NecuaHoro BAKYUWero MOCTeMeHHO 
pasBuBaeTCA CBASHIBAHHE TMAPOOKMCH KaNbUMA Bo py. 1 Ky 
MOBEPXHOCTHbIX COAX 3epeH TecKa. Uem Oowee pas- — oxycn bh este ge 
E KaJIbIMA T@CKOM: /—He- 
BUTOU OKa3bIBaJIaCb NOBEPXHOCTb 3€peH lleCKa HW YCM = MOJIOTBIM, C yAebHO NoBepx- 
WCHIbHee OHA AKTMBH3HpOBasacb B Tpomecce coB- Hocrbo 150 cm?/r, 2 — mono- 
|ectHoro H3MeNbYeHUA C U3BECTbIO, TeM Goubuee 7 © TF SON a ee 
KOJIMUECTBO H3BECTH CBA3bIBAJIOCb B THAPOCHIMKaT Pm eh 
{Kasibuua. 
C nomomlb10 paqvoakTHBHOro us0TOMa Ca**, NPHMeHABIUerOcsA B BUe PHApo- 
okucH Ca**(OH),, 6biI0 ycTaHOBJIeHO Ha rpyOOAHCHepcHbIxX NeCKax, YTO KOJIH- 
YeCTBO CBA3AHHOFO KaJIbUNA MPOMOPWMOHAIbHO YeJbHOH NOBepXHOCTH TecKa 
(*). Ha neppolt craquu cBxA3bIBAaHHe KaJIbIMA HOCHT XapakTep HeOOpaTuMmon a- 
copOmun, MepexosAmel B NOBepXHOCTHY!O XUMMYeCKyIO peakILMt0. 
B jaHHoit paOoTe Tem 2Ke MeTOJOM Oblla H3YUeHa KMHETHKA JIMTEIbHOPO CBA- 
8bIBAHHA KaJIbIMA MeCKOM C Ooulee PasBHTbIMH YC bHbIMM HOBePXHOCTAMH (KO 
2,9 m?/r) u3 HacbIIeHHOro pacTBopa. C sTok Wembio Oplyia paspaboTana MeTosMKa 
ONpeseeHHA CBAZAHHOTO KaJIbUMA, UCKIOUAIOIAA BAMAHHE yrIeKuCOrO raga 
13 BOJbI WIM H3 BOstyxXa. KowMuecTBO CBASAHHOPO KaJIbILMA ONPeMeIAIIOCb Mo 
|Pa3sHOCTH AKTHBHOCTeH MCXOJHOrTO pacTBOpa THAPOOKHCH KaJIbUMA UM TOrO Ke 
PacTBopa llocsle B3aMMOECTBHA H3BeECTH C MeCKOM B TeYeHHe 3aaHHOro Bpe- 
Menn. 


CaQ —> 


Q 10 20 Yale. 


\ 
i] 
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B cooTBeTcTBHH C XapaKTepOM KMHeETHYCCKHX KPHBbIX Ha PHC. 1 mpouec 
CBA3bIBAHHA HSBECTH B THAPOCHMNKAT KaJIbIWA MPH KOMHATHOM TeMIepaTyp 
COCTOHT H3 J[BYX 3TANOB: HeEOOpaTHMOLO CBASHIBAHHA B MOBEPXHOCTHOM CJIO€ SEPer 
necka 3a TlepBble CYTKH UM JalbHehmero AudpysHoHHOrO Mpoecca, NPOTeKaloy 
wero C MOCTOAHHOM CKOPOCTbIO. 

FleticTBuTeIbHO, CCIM PaCCUHTATh IMMOMLaLb, COOTBETCTBYIOMLY!IO MOHOMOJEKY | 
JIAPHOMY TIOKPBITHIO PHAPOCHJINKAaTa KaJbIUMA WIA Nepexofla K NOCTOAHCTBY CKO 
POCTH CBASLIBAHHA, TO KOMUYECTBO USBeCTH, CBASAHHOM | M? NOBePXHOCTH 3eper 
necKa, B TaKOM IOKPHITHM OKasbIBaeTCA TOCTOAHHBIM (TAO. 1). OTor pace, 
mpupoquT K S,=6A*/Hon Ca. Tloceqyromjad craqua B3aHMOJeHCTBUA U3BeCTI 
C M€CKOM HOCHT xapakTep Juddy3HoHHOrO Mporecca. 


Tawra amen 


Me /2 
KoanuecTBo i! 
Y pesmbHan CaO, cBa3aB- Ajcopé6una = 
TIOB€EPXHOCTb melica mpH novi- 
| Mr Hom noKppituy | 4/S = T Mr|M? 2 
a, mr|r ee, 
0,045 0,025 1,6 
0,05 0,07 1,4 
0,45 0,25 1.6 
0,7 1,0 1,4 f 
2.9 45 4,5 
u 50 cyTmOK 
IIpu BBeJICHHH B COCTAB BARKYIIC- 
TO TOHKOH3MeCJIBUCHHOYTO TeCKa, aKTH- Puce. 2. Kunetuka cBaA3bIBAaHUA 
BH3UPOBaHHOrO B Tipolecce COBMeCT- OKUCH KaJIbIHA TOHKOMOJOTEIM T1e- 
HOro MOMOJIa H3BeECTH C Me€CKOM,Mpou- CKOM C Y@JIbHOH MOBEPXHOCThIO: 


e — 2 = 2 
HOCTb H3eJIMH, IPUPOTOBJIeHHbIX Ha 1—0,7 w/r, 2—2,9 me/r 


3TOM BAKYIMLEMC IleCUaHbIM (HEMOJIC- 
TbIM) HanOJIHMTeeM, BO BPeMeHH HelipepbiIBHO Hapactaer. HapactraHue nmpouHch 
CTH 3THX H3eIHM B CCTECTBEHHBIX YCJIOBHAX OOYCJIOBJIMBaeTCA OHOBpeMeHH 
NPOTeKalOlUMH MpOleccaMu CBASbIBAHHA HMSBECTH B Pu POCHJUKaT KaJIbUuA Kpen 
He3€MOM HB KapOoHaT KaJIbUNA YIvieKHCMOTOH. YKa3aHHble Mpomecchl Mpore) 
Kal0T BECbMa MeJVICHHO, TaK KaK B OCHOBe Toro H Apyroro exKuT Auddby3nor} 
HBIH Mmporecc. 

Tak, B IyCTOTeIbIxX (leeBbIx) O60Kax pa3smMepamMu 390190190 mM’ 
NPHFOTOBJICHHbIX Ha H3BECTKOBO-MeCuaHOM BSAKYILeM cocTaBe | : | m3 HerameHO 


Lao ww 2 
CoctTaB WHXTbI, % IIpegen mpounoctu, KI /cm* 
BADKY ulee o 
Fy 
HeEMOVIOTHI| & 
re) ~ ve 
9 w mecok 7 e é bi S x | & 
oO oO 
a | 8 ee MOONE REOVUR Iaeeaih e 
i] & an i =“ inp) © = N 
HOSA Sly laos ad ha Be OW) 28 ul Pea ea ene ee 
(KPYTHbIit) 
10 10 80 8 2 208 | 2en oO ae aces 
(cpe HUH, 
3epHHC- 
TbIi) 


H3BECTH, Pa3MOJIOTONM COBMECTHO C NecKOM JO AelicTByomeH yembHOH MlOBep:) 
HocTH 1,25 m?/r npouHocTb Ha CxKaTHe HeMpepbiBHO pacter. Bo Bcex Cuyuastx B Bit 
AY 3aTBOPeHHA BBOAMIMCh B HeEOObIWIMX KOMMYecTBax (0,2—0,4% k usBecT) 
RoOaBKH lacTupuKaTopoB-3amMeWIUTee TH paTalMouHoro TRepLeHUA (ra6a. |) 


510 


Tt NaHHbIX TAON. 2 B3AITHI CPeHHe 3HAYeCHMA H3 MHOFMX NapTHuii O0KOB, IpH- 
OBJICHHEIX N10 TEXHOJOrHH, paspaOoTaHHOH CoBMecTHO Cc Bcecoro3HbIM HaydHo- 
CJIEMOBATCIbCKUM MHCTHTYTOM HOBbIX MpOOJIEM TOHKOTO H3MeJIbYCHHA CTPOH- 
JbHBIX MaTepHaslOB Ha Oa3se BuOponomoma (BHMMTMCM). 

EctTb OcTaTOuHOoe OCHOBAaHHeE CUUTATb, UTO KAPOOHH3ALUA FUAPOOKHCH KaJb- 
id IIPOT€KAeT 3HAUHTEJIbHO MeJWIeHHee, UeM ee CHINKaTHpOBaHuHe. B uacruocrn, 
O NOATBeEp*KAaeTcA JAHHbIMM PeCHTTeHOCTPYKTYPHOTO aHasHu3a: Ip OObIYHOM 
aHeHH Ha PeHTTeHOrpaMMe NOABJAeTCA XapakTepHaA AIA MOHOFHApocuuKaTa 
JbUMA JIMHHA, COOTBETCTBYIOMNIAA MexKIMJIOCKOCTHOMy paccTosHuIo B 3,01 A 
TOJbKO cilycTaA 2 roqa xpaHeHusa, Tora Kak JIMHMN, OTBeYaIONINe KapOoHaTy 
JbUMA, OTCYTCTBYIOT. 


UucrutyT pusauecko xuMuu , Tloctynuso 
Axajemun Hayk CCCP | 6 IV 1957 


UHTHPOBAHHAS JINTEPATYPA 


1TL 1. Byauuxos, J.T. Pyanuosa, Kona. xypu., Ne 3, 195 (1937); 10. M. 
ytrT, Jl. UW. Pamxkosusy, Coops. tp. POCHHMHMC, N 10 (1956). 2? TF. HW. Jlorrn- 
os, H. E. JliepBuua, B. ® A6GpoceHnHKoBa, Mudhopmaunonnple coo6meHus 
HHMHTHCM, Ne 6 (1956). ? B. B. Ocuu, Heramenaa uspectb, 1954. *1T. YW. Jlorru- 
mee tl A. Peounpep, B. Tl. Gyx oa, JIAH, 99; Neo 4 (954). ° Tt 
OrrHHOB, Tp. coBell. NO NPUMeHeHHIO BHOPOMoOMO.Ia B MPOMBIILJICHHOCTH CTPOHTebHEIX 
atepvaos, 1957. ®°R. H. Bogue, Magazine of Concrete Research, December, Ne14, 90 (1953); 
Bavich indie, EP! Plint, J, Res: Nat Bur. Stand) 305225 (1943): 
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Unen-Koppecnonjenrt AH CCCP M. H. KABAUHHK u WO. M. NOJINK APHOB 
O TAYTOMEPHH JQUPEHHJI®OCPHTA 


TayTomepua jMamKuscdocpuTos 


RO Ot ERO 
NY x 
Po ae P — OH, 


—— 


i 
RO H RO 
I II 


orkppiraa A. E. Ap6ysospim (1) 1 Muno6enz3cKuM (?), Oblla NpeqMeTOM MHOFC 
UMCJICHHBIX McceqoBaHHi. Ha ocHoBaHHH U3yYeHHA XHMHMUCCKHX CBOHCTES 
JaHHbIX CHeKTPOCKOMMM HW petpakTOMeTPHH MOKHO CYHTaTS YCTaHOBJICHHBINVE 
YTO MOOXKeHUE PABHOBECHA STOH TAYTOMEPHOM CHCTEMBI B CHJIbHOM CTeMeHH CME 
meHo B cTopouHy dbopmpt I. JuamKkuncdocuTbl B CBOOOMHOM COCTOAHHH He OOH 
PY2XKMBAIOT CBOMCTB, XAPaKTePHbIX JIA COCIMHEHHH TpexBawleHTHOrO coccop 
B WaCTHOCTH, He BCTYMAal0T B PeaKWMH MPHCOeCAHHEHHA 10 CBOOOAHOH 9JIEKTPOH 
HOH nape aroma dbocdopa dopmut I]. B pacrBopax WuamKusdpocpuTyl TakKe HE 
IIPOABJIAIOT CHOCOOHOCTH K peaKIMAM IIpHCoeAHHeHHA, 34 HCKJIIOUCHHEM CHJIBHI 
OCHOBHBIX Cpe, TaKHX, KaK TpeTHUHbIe aMuHbl. B 9THX pacTBOpax, Hapa 
C HeJMCCOWMMPOBaHHbIMH MOJeKyaMH MamKUMocpuTOB, coxepxaTcA com) 
Tuna 


RO 
~ 


ie 
RO 


P—o-| | HNR; |, 


aHHOH KOTOPbIX JlerKO TipHcoegzunser cepy (3), denunasuyz (4). M. VW. Ka6aunur 
vu E. UW. Tony6era (*) noxasaiu, uro IMamKusdocuTh! cpaBHUTeIbHO JerKO pu 
COeJMHAIOT Cepy H B Cpesle AHOKCaHa, B KOTOpOM (popMa I] Moxer 6biTb craOusM 
3UpOBaHa PpO4HOH BOROPOAHOK CBHA3bIO 


O Ob Cab 


x ra < 
P—OH...O O. 


7 x vi 
RO CH,—CH, 


Bee 9TH aHHbIe TOBOPAT O TOM, YTO PaBHOBecHe ANaKUMPocPUTOB CMeIIeHC 
B CTOpoHy dopmpt I, H HeOOxoMUMO AelCTBHe ONpPeeIeHHbIX BHeINUHUX (baKTo: 
poB, 4TOObI CHCTeMa MOria MPOABHTb CBOMCTBa COeIMHEHUA TpexBaseHTHOrC 
(bochopa. Ecum ucxoguTb u3 npescTaBlennit, pasBUTbIX OAHUM H3 Hac (6), H pac: 
CMaTPHBaTb TayTOMepHOe PaBHOBECHe AHaJIKHIOCHUTOB Kak KHCJIOTHO-OCHOBHOE 


RO S- RO RO NC.H; RO 
NE x ee S 
hi Se 3 — SH Pp ea P — NHC,H; 
Ve oIN 
RO H RO RO H RO” 
Ill IV V VI 
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MpOTOMHTHYeCKOe PAaBHOBeCHe, CMEICHHOe B CTOPOHY MeHee KuCcsOM dopmur I, 
O Tip Nepexoge Kk aHasloraM AMaJKUIPOCPHTOB MOXKHO, H3MCHAA COOTBETCTBYIO- 
MMM OOpa3s0M CTPoeHHe MONEKYJIbI, H3MCHATH COOTHOLMICHHE KOHCTaHT KMCJOT- 
HOCTH (OPM HM TEM CaMBIM MOJlyuaTb CHCTeMBI C Pa3/IHMUHbIM MOM02KeHHeM TayTo- 
iMepHoro paBHoBecus. Tak, paBHoBecve MasKHsITHOPocHUuTOB, Kak MoKa3aJu 
VM. HW. KaOaunux u T. A. Mactproxopa (“), CHJIbHO CMeII[eHO B CTOpOHY (opMbI 
HII, IpHy¥eM e€CTbh OCHOBAaHHA MOJlaraTb, YTO OHO CMELIEHO elle B OOubIUIeH cTe- 
nen, yeM Yy AMasKuscocuToB; a TayTOMepHoe paBHOBecHe AMaKMMAHMIMO- 
Hdocburos, usyyenupix M. VM. Ka6aunuxom u B. A.Puaaporpm (8), cmemjeno ye 
ib cropony (opmpr VI. Takoe pa3uMune TayTOMepHbIxX OTHOWIeHHH OObDACHAeTCA 
es MOHH3MpyemocTu cBA3eH B patty: SH>OHS>NH. B mpnsenen- 
Bix JIBYX NPHMepax H3MeHeHHe NOMORKeCHUA TAayYTOMePHOrO PaBHOBecuA JOCTH- 
raslocb BECbMa CYHICCTBEHHDIM H3MeHEHHeM COCTaBa MMaHbIX CHCTEM. 
Mpi nocTaBuiu cBoel 3afaueli HalirH MOM06HOrO posa acpexr IIpu ee 
| HWM XapakTepHoi AA WuanKkundbocwuTos AMaHol cucrempl cBa3selt H — P = O 
HOTOFO MOXKHO ObIO OXRKHLAaTb NPM 3aMeHe aKOKCHrpynil Sie oat Ha 
}Oomee SeCKTPODUJIbHbIe TPYMMbI, BJMMAHHE KOTOPHIX MOBbICHJIO Obl KHCJOTHHIC 
cBolicTBa cpopmpt I. B kauecTBe npuMepa Obit u30paH AMdenusdocdur. IIpu cnpa- 
#BEIJIMBOCTH IIPHBeCHHbIX BHIMe paccyKAeHHH, AudenusdocwutT, B OTIHUHeE OT 
| MatkWIochuToBw, MOJOKeH XapaKTePH3OBaTbCA THMMYHBIMH PeaKIHAMM MpUuco- 
i CIMHEHHA M10 HENOACICHHOM ape 3JIeKTPOHOB TpexBaJleHTHOrO cbocdopa. 
B wutTepatype ecTb (Ba yKa3aHua Ha CHHTe3 Aucbenundocduta (°, 1°). Xu- 
-MiY¥ecKHe cBolicTBa Zudenundocduta He usyuasuch. 

Mobi nlogyunsu AudenundocpuT c KOJHUeCTBeHHbIM BbIXOJOM OCTOPO2KHBIM 
OMbIIeHHeM udeHuIxXNopdocmuta B adPupe YIKBUBAJIGHTHbIM KOJIMYeCCTBOM 
BObI C TOC eLYIOWMM y/laueHHeM B BaKyyMe XJIOpHcToro BoJopojla HM pacTBOpH- 


(CsH;0),PCI + H,0 > (Col 0),POH - HCI. 
T. kun. 100—101° npu 3-107 mm, np 1,5590, d7° 1,2318, MRp ualize- 


' HO 61,37. 
Haiimeno %: C 61,39, 61,53; H 4,65, 4,47; P 13,20, 12,97 
CyeHy103P. Brrancneno %: C 61,54; H 4,73; 1D) Ae) 25) 


B undpakpacuoM cnextpe Audenusmdocwura nadsoawTcA YeTKHe TMos0cbl 
| NorJiomleHuA, yKasbIBarollve Ha HaM4ve B MosleKywie cBAseH P—H (2420 cm“) 
}u P = O (1280 cm4); B oOnacTH, XapakTepHOH JIA THAPOKCHJIbHOM rpynnbl, 
3aMeTHOrO NOrJOWeHHA He OOHapyxeno (puc. 1). Takum oOpa3om, JaHHble cnek- 
TPOCKONHH FOBOPAT B NOMb3Y CTPYKTYpbI AudenusmdocuTa c NATMBAJIeHTHbIM 
aToMoM (pocdbopa; K TOMY »Ke BbIBOAY IPHBOAUT cpaBHeHve HalileHHOH MouleKy- 
AApHOH pedpakunu (61,37) c BeNMYHHAaMM, BbIUHCJICHHbIMH JIA KarxKOH 3 
CTpyKTyp B orgembHocTH (MR, Bpruncsieno quan VII 61,46, ana VIII 63,37). 

OjyjHako xXuMMueCKHe CBOLCTBa AudenumdocputTa co BceH OnpeylesieHHOCTHIO 
CBUJETeEIbCTBYIOT O HamuynNH dopmpl VIII B 3amMeTHOM KOJIMYeCTBe B PaBHO- 
Becuu c dopmon VII: 


CsH;0 O CsH;0 
Ss 
ees P — OH. 
Ve 


ye 
CsH;0 H C.H;0 
VII VII 


Mot Hamu, Yo WudeHuscochuT Bcrynaer B CleyroulMe XapaKTepHble peak- 
IMM MpHCOeCRHHeEHHA M0 CBOGOAHON 2/IeKTPOHHOL ape TpexBaJIeHTHOrO docopa. 
TIpucoeqauneHune hPeuunasufa. Uspecruo, uro Tphankua- 
UM TpHapH@ochunb! mpucoesuHAwT senusasu, Cc OOpasoBaHHem (bocdHHHMH- 
Hos. M. HW. Ka6aunux u B. A. Dunapos sty peakinio pacupocTpaHuuid Ha now- 
Hble 3(pHpbI KACJIOT TpexBasleHTHOrO (ocdopa; AMasKusdocpuTe c denusasy- 
loM He pearupytor (}%). 
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Mbt Hawi, Yro LucbenuspoccbuT y2xKe Ha xomoxy pearupyer c PeHua3sHOM 
c oOpasoBaHuem judeHumanusmuodmochara: 
z OH O 


N 


—N2 va 
(CgH;0)2POH -+ CeH3sN3 -— > (Cg HOES ris IEA 
z NC,Hs; NHC,Hs; 


Cmecb 9KBUMOJIAPHBIX KONMUeCTB Audenusdochutra u benusasuta Oblia | 
ocTaBileHa B 3alatHHOl aMmysie B TeMHOTe IIpH KOMHAaTHOM TemmepaType Ha} 
4 mec. Brixox aucbennnannaupodochara 25%, T. mu. 128—129" (43 BogHOro) 
cmupta), CMeliaHHad mpo6a C BeleCTBOM 3aBeQOMOrO CTPOCHHA, NMOJTYYCHHBIM f 


v 
3000 2000 1500 1000 500 cm 
r IA TT l 


| 
oO 
% MeNOUEHUA 


Puce. 1. Mncpakpacupit cnekrp tudbenuabocduta (BHU3Y JIA CpaBHeHHA MpPUBeeH 
cneKTp TpHdenumpocputa (11)) 


u3 Wudenusxsopchocara u anusMHa, MaByuiacb 6e3 mempeccuu. Ilo WUTEPa- | 
TYPHbIM WaHHIM (7%), T. mu. 129—130°. pu HarpeBannu peakiMaA NpoxosMTy 
ropa3fo Opicrpee uc OObIIMM BEIXOJOM (pu 100° 3a 3 vaca — 50%). 
IIpucoequnHeuune cepu. nankunhpocpuTs! Oe3 pacTBOpuTelsA- 
OCHOBaHMA Cepy He Npucoequnator. B orauune or HUX, WudenusdochuT pearH-| 
pyer c cepo pH HarpeBaHH 9KBUMOJIAPHBIX KOJIM4CCTB peareHTOB Oe3 PacTBO-F 
puTems: | 
S 


Va 
(C,H;0),POH + S aie (CgH;0}oP 


S 
OH 


TIpu 120° 3a 6 uac. Berynaer B peaxuuio 77% cep. JLudenuatuodochaty 
BMeECTe C HelpopearupoBaBIIHM AudeHusdocuTom BbIeseH OOpa6oTKoH sdup-} 
Horo pacTBOpa peaKILHOHHOH CMeCH BOAHOM MLeOUbIO HW NOCJICAYIOWMM MOAKHC- 
J@HHeM COMAHOM KucMoTOH. JIndenuaTuohocdat oxapakTepH30BaH B Be WHK-| 
JIOreKCHJIAMMOHHMEBOK COM — GeCIBeTHbIe HIIbl (M3 BOMHOTO clupTa), BbIXOZ 
26% (B pacueTe Ha BollemuyIo B peakiuio cepy), T. nm. 127—129°. To antepa-j 
TYPHbIM Janupm (14), Tr. mt. 127—128°. 

Hattgeno %: C 59,29, 59,387; H 6,63, 6,76; P 8,45, 8,42; 
S [O08 oso) Neo Osan: 
CygHogOgPSN. Buruneseno %: C 59,16; lalate owe P 8,48; 
S 8376; N 3,83 

IIpucoequnenue cepbl B yKa3aHHbIX yCJIOBHAX conpoBoxyaerca BbIJene! 
HHeM CepoBosoposa, HU HapaAy c AudenusTHodocaToM u3 peakIMOHHOM cMecy 
BHITCeH B 3HaYMTeIbHOM KOIMYeCTBeE TPudenusTHOocha’r. 

IIpucoequnyenue xnopuctok meu. Peaxuua c ognorad 
JIOMQHBIMH COJIAMH Me, NPHBOAAUIaA K OOpa3s0BaHHIO KPHCTaJIMYeCKUX KOM 
IWI€KCOB, Oblwla Mpewiomwena A. E. Ap6y3oppm (*) B KayecTBe xapakTepHol JVIsh 
coe(MHeHMH TpexBasleHTHoro occopa. MmMenHo Ha OCHOBaHMM OTCYTCTBUA STOP’ 
peakuuu y quarKusdocputos A. E. Ap6y3on chesau BHIBO O NATHBAIeHTHOCTH 
aToma (boctopa B nocmeqHUX. i 

Hamu naliqeno, uro xIOpucTad Melb pacTBOpsAeTCA B Mudennsdocdute c 06} 
Pa3sOBaHHeM KPHCTasIMYeCKOTO KOMIIIeKca cocraBa (C,H;O), POH-CuCl. | 

Tloce HenpoouKHTeIbHOrO HarpeBaHHA 2KBMMOJIAPHBIX KouMueCTB pea} 
PeHTOB, PaCTBOPeHHA PeaKIUMOHHOH CMeCH B 3c:pupe MU yJaseHuA Oovibuoro ocTaT} 
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a HellpopearupoBaBllen XJIOPHCTOH MeAH KOMIVIeKC Obll OCAKICH MeTHAOBLIM 
MMPTOM HM Nepeocarxken U3 WMOKCaHa NeTpoueHHbIM acupom. Bespiii nopowoK, 
pu HarpeBaHuu Jo ~ 120° pasmaraerca. 
Hattigeno %: C 43,27, 43,52; H 3,22, 3,49; Cl 10,67, 10,87; 
Sona 44,61, 44,88 
Cy2Hy,03PCuCl. Brruncneno %: C 43,26; Fit3,33° Cl 10,64; 
3oma 45,17 
Peakiua Ruhbeuua hdochbutac AuazsomeTauom. B or- 
wunve OT [MalKudochuTos, Aupexusdochur, o6naqaa Oowee KUCJIbIMM CBOTI- 
'TBAMU, pearupyeT c Ma3OMeTaHOM B 3*HPHOM pacTBOpe C BbIeeHHeM a3oTa: 


(CsH;0)2POH + CHN» — (CgH5O)sPOCHs -+ No. 


Ilocne yqanenusa ug6nirKa qma3omerana C pacTBopHTesiem U (bpakiMoHUpo- 
aHiA B BakyyMe BbijeseH udenumetusndochut. Brixon 58%, T. kun. 101— 
103°/2 um, n> 1,5975, d2° 1,1663, MRp Haligeno 68, 56, BrruncueHo 68, 10. 


O muTepaTypHbIM anu ('°), T. Kun. 165,5—166,5°/12 mM, n 1,5528, 
@ 1,1644. 


lakeVepieopne (Coste prome El Gal masa JO) abel wieeiil 
Cy3Hj303P. Brruucneno %: C 62,90; lel Gyre P 12,48 


Honyyennpii Aucenuametundocdur pacTBopseT c pasorpeBaHveM xJIOpH- 
CTY1O Melb; Nlocsle JBYKpaTHOro MepeocaxkeHHA 3 SPHpa METHJIOBbIM CIUpTOM 
flOUTH C KOJIMYCCTBCHHbIM BbIXOJOM BbIfeJIeH KoMMeKc (CgsHsO),POCHs -CuCl— 
OU€Hb BASKHU IpospayHbi OecUBeTHbIN CHPOM, SaKPUCTaNIH30BaTb KOTOPHIl 
hHeE ylalocb 


laterite), WAR IG sy i, a ee al Sil, Bee (ONL AOO AKO) Sis 
Sona 43,00, 42,84 
'Ci3H;g03PCuCl. Bprancseno %: C 44,97; Jal Saci7e yl sO s7rike 
Soma 43,39 


IIpucoequnenne WuasomMetana Cc OOpa3s0BaHHeM NonHKoro supa docdopucrTor 
KHCJIOTbI MOXKHO PaCCMaTPHBaTb KaK elle OMHO JOKa3aTeJIbCTBO (B Mepy CTpo- 
roctu kputepua Apnyra(?*)) HanHuna B paBHOBecHOH cucTeme Judenusmpocpbura— 
TayTOMepHOl (POpMbI c TPeXBaJIeHTHbIM aTOMOM (pocdopa. IIpu sTom, B oTIM4He 
OT NIpeAbIyMINX peakUHH NpucoequHeHHA NO cBOOOAHOK IeKTPOHHOM Mape 
cocdopa, sta dopMa oOHapy Kena peakUlMeli NO rHAPOKCHbHOM rpymne. 


VucruTy? snemeHToopraHHteckux coeqMHeHHlt Ilocrynuvio 
Axkalemnu HaykK CCCP 99 II! 1957 
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Torsagn Akagemun nayk CCCP 
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B. A. KPONAUEB, B. A. JOJIFONMJIOCK u H. HW. HAKOJIAEB 


KOMIJIEKCOOBPA3OBAHHE HK CTPYKTYPA WEN TIPU 
NOJIMMEPH3AUHH JIMBUHWJIA JIATHHMBYTHJIOM 


(ITpedcmaeaeno axademuxom B. A. Kapeunsim 27 IT 1957) 


B psne pa6or (1%) 6blio ycTaHoBJIeHO, YTO CTpyKTypa Wen Mp KaTaJIMTH-h 
YeCKO MOHMepH3allHH MOHOOJe*HHOB H JMeHOB B 3HAUNTeIbHOK CTereHHIs 
onpesesmeTcA MpHposolt KaTaMMTMYeCKOrO KOMIIIeKCa, yYAaCTByIOWero B MpoO-f) 
ecce TomHMepH3alnH. Tem caMbIM ObIJIO MOKa38aHO, YTO HauaJIbHbIM KaTaJIMTH-# 
YeCKHH KOMIVJI€EKC HMee€T HEMOCPeCTBEHHOe OTHOWICHHeE K KaKJOMY 9JIeMeHTap- 
HOMY akTYy pocta Wenn. | 

Tlomysenue suTMMOpraHMuecKHX COeAHHeEHHH B H30JIMPOBaHHOM UHCTOM#! 
BHe COMPAxeHO C OOJIbINHMM 3KCIeCPHMeHTaJIbHHIMH TpyHocTAMH. Hapsapyie 
C OOpas0BaHHeM MeTaJIJIOOPpraHHuecKHX COCAMHCHHM He HCKJIOUeHA BOSMOXKHOCTh YD 
oOpa3s0BaHHA CIOMKHOM CMeCH MpPOAYKTOB UX OKNCeHHA. Jia BLINCHeHUA BIMA-f 
HHA YKa3aHHbIX MPOAYKTOB OKHMCJICHHA Ha CTPyKTypy Welw pH MomuMepusa-© 
Hu OyTaqveHa MpeAcTaBAOCh WesecooOpasHbIM MCCeLOBaTb BJIMAHMe KHC- fi 
opoya. ql 

B pes3yubTare MpoBefeHHoro HCCMeAOBaHUA HAMM ObIIO YCTaHOBJIeHO, YTO} 
IPH NOJIMMepHsalHn JMBHHMIa JIMTHHOpraHHuecKHMH COeAMHEHHAMH, BBeeHHe |i 
B CHCTeEMY CPaBHHTeJIbHO HeEOOJIbIUMX KOJIMYCCTB KHCMOPORa NPHBOAUT K cye- jl 
CTBEHHOMY YBeJIHUeHHIO 4HCIa 3BeHbeB 1,2 B NomHMOyTaqHeHe 3a CUeT YMCHbIIC- 4 
Hua 3BeHbeB 1,4. AHaslorMunoe BAMAHHEe Ha CTPYKTYPY NOMMMepHOH WenH OKa-49 
3bIBaIOT MOOaBKU CUMpTa Hu PeHoua (Tad. 1). 

Tlonyuenupble aHHble NpelcTaBAIOT NPMHIUMMHabHbI WHTepec B TOM OT- © 
HOWeHHH, YTO OHM YKAa3bIBaIOT Ha HEOOXOMMMOCTh MNpeOXpaHeHUA CHCTeMBI OT 
nmonaqaHuA KHCOpOa pH MOCTaHOBKe 3aauH CHHTe3a MOMMepOB JHBMHMIAy 
C MAaKCHM@JIbHbIM COfep»KaHHeM 3BeHbeB 1,4 B enH. BanaHue KucOpogqa Ha Gf 
CTpyKTypy MouMmOyTaqMeHa, MO-BUMMOMY, OO6ycOBIeHO O6pa3s0BaHHeM KucJO-} 
pocofepKawlMX MPOMLyKTOB, OOpasyIOWHX KOMIVIeKCbI C JMTHHOpraHwyecKuHMH | 
COeMHeEHHAMH. 

AnaslOrMyuHblit adpPeKT OKasblBalOT AMaIKMJIMOHOCYbUALI, BIHAHHe KOTO- fh 
PbIX ObLIO HAMM TMOApoOHo ucceqoBaHoO. Bpwio u3sy4yeHO BAMAHMe NOOaBOK M- | 
MeTHJI-, QHNPOMH- H AMM3ONponMIcyALHAOB Ha CTPyKTypy Wenn momM6yTa-} 
AueHa IIpH MOJMMepH3salMH B OTCYTCTBHe KUCTOposa. 

OKCHEPUMeHTAIbHbIe JaHHble, NOIYYeHHbIe IPH NomMMepHsanuH OyTaquena 
JIMTHHOYTHIOM B IPHCYTCTBHH JMaIKWJICYIbPUAOB NoKa3zaIM, YTO OHM cyte} 
CTBCHHO YBCJIHMUMBaIOT COfepxaHne 3BeHbes 1,2 B wenn. B cayuae AuMeruscyb- | 
(puta cofepxaHue sBeHbes 1,2 noBpmmaetca c 12 no 68% (ra6u. 2). 

M13 9THX JaHHbIX BUIHO, 4TO BAMAHMe AManKuscylbpuya yMeHbulaetcs | 
C YBeJIMYeCHHeM aJIKHJIbHOrO payukKala. Panee (4) Ha NpuMepe mMTuHOyTHIa MBF | 
NOKa3aJIH CHOCOOHOCTh JIMTHHOpraHWyecKHX COeMHeHUi K OOpas0BaHHIO KoM- J 
MIEKCOB C JHMeTHJICyIbpUusoM. Bpimapwiui HepacTBOpHMBIi KOMMIeKcC HMem f 
cocTaB 

CHs 


mee 
Cy4HoLi ‘S 


Cae 
516 


UA 
oOmleM Be Takve COCAMHEHHA MOXKHO BanncaTb Kak RMe-S __ , rae Me — 
SS 
E k” 
meOuHOH Meta, a R, Rt uw R’— ankuupuple pasukKasbl. Xora B rpouecce 


Ta6auna tf TaOauna 2 
TlomumMepr3auna AHBuUNIAa HTHHOYTHIOM TlonuMepn3auna HBHHHIa JIMTHHOYTHIOM 
mpu 50° B pacTBope nerposetinoro adupa npn 50° c qo6OaBKamMu fMaKHICyIbpHAOB 
B MIPHCYTCTBHH AOOaBok KUCIOpoOa, cuupta B pacTBope NeTpomeHHoro supa 
nH denosa — 
aus ees Kouenr- ag 
pennant: Koma a = | Haumenosanne cous patlua 3 e 
5 Haumeno Banue TUT Hii palas Bic ie m06aBKH 6y THA Be eB Ngee 
z MOC ane 6ytuna |~ moOaBKkit eta . - a = 
4 & = S mom. % K MOHOMepy ses 
‘a MON. % K MOHOMeDY ses 
1 | Bes no6asxu|] 0,040 == AVP 
1 | Bes no6apku | 0,040 — 12 2 0,060 = 10 
2 0,055 = 11 3 0,30 = 11 
3 0,056 = 10 4 0,30 — 2 
| 4 0,060 “a 10 4 | Tumerua- 0,14 OL 14" 162 
4 | Kucsopox 0,050 0,018) 32 2 CyIbpuy OMS 82,0 68 
2 0,050 0,037 | 24 1 | Tunponaa- 0,66 D202 28 
3 0,057 0,037 | 48 2 cynbpul Oe22 2,49 34 
4 0,057 ONO Simm. oo ; j 
5 0,060 0,011 | 26 1 | nusonpo- 0,28 07,3 28 
6 0,130 0,044 | 29 IHJICYJIb- 0,28 Oe) 2 
(4 |Beusunar | 1,36 | 5,30 |39 uo 
2 JuTHA* 1,36 0,30 37 
1 | ®enonsT 0,15 oe 35 NOJIMMepH3alldu, BEPOATHO, MOTYT 
ee) ara” 0,15 5,79 133 yuaCTBOBaTbh KOMIWICKCbI H Oosee 
* Yka3pipaetca GeH3usaT u (benouar, CMOAKHOTO COCTABa, UCM BbIMeJICH- 
Tak KaK peakUHaA OyTHIAHTHA Cc rHApo- HbIM HAMM, BJIMAHHE KOMMJIeCKCO- 
KCHJICOlepKalluMH OOaBKaMH MpHBOAHT K OOpasyloulHX O6aBoK Ha cTpyk- 
OOpa30BaHHIO 9STHX BeIlleCTB ere 0 BBe- 
TYpy Wen MOXKHO TpelcTaBUuTh 


JIeHus B CHCTeEMy MOHOMepa. ‘a 
HCXOJA 43 UperctaBslenun Lursepa 


(°) 0 mpomecce NOHMepHsalluu, Kak MOCeOBAaTeIbHOM MeTaJIJIOOpraHvyecKoM 
cuutese. Jina ManHoro ci1y4ad 9Ta CXeEMa MOXET ObITh NpPeMcTaBJeHa CJeLYIOWUM 
06pa3om: 


Ry Ry 
fe we 
R—CH.Me+ S —> R—CH,— Me:S 
SN 
Ruy Ru 
Ri Ri 
ae vs 
R — CH,Me-S SiC ig OR OHS.) Me-S 
S ~\ 
Ry Ru 


B cBa3v C TEM, UTO KOMIMMeKCOOOpasylollad MOOaBKa HeMOCpeCTBEHHO CBA- 
3aHa C MeTAJIJIOM MeTaJIJOOpraHHyeckOro COeMHEHHA, OHA OKA3bIBaeT BJIMAHHE 
Ha XapakTep CBA3H yrslepofl-MeTas B TeyeHHe BCero Mpolecca POpMHpPOBaHUA 
env HW TCM CaMbIM OKa3bIBaeT BJIMAHHE Ha CTPYKTYPy NOMMMepa. 
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XHMHy 


Hux. A. HECMEAHOB u O. A. PEYTOB 


BJIM AHME 3AMECTHTEJIEH HA CHJIY ®EPPOLLEHKAPBOHOBBIX 4 
KHUCJIOT 


(IIpedcmaeaeno axademuxom A. H. Hecmeanoeoim I III 1957) 


Kak H3BeCTHO, B peaKIHAX 3aMeLeHHA eppOlWeH MPOABJIAeT CBOMCTE 
apomaTuyeckoro coesHHeHua (18). B HacTosmjeH padoTe MBI ocBelllaeM pO,/ 
CTBCHHbIM BOMpoc oO Mepesaye B8aHMHOTO BJIMAHHA 3aMeCTHTeJel yepes AER 
(beppoueHa. 7 

Hamu Opliu momyseHb! cbeppolleHKapOoHoBble KHCJIOTHI OOMIeH (bopMyIbI 
(Y =—C,H;,—C,H,, —H, -COOCH3, — COC3H,, — COCH3) 4 usmepenpt Koll 
CTaHTbI HX JMCCOWMalMH. 

AuerucdeppolenKapOoHoBad KHCJOTa NoyyeHa 10 Ppuyemwo — Kpadre b 
H3 MeTHJIOBOrO Scupa cbeppouleHKapOOHOBOH KHCJIOTE! C TOCERYIOULMM OMBIdI } 
HHeM OOpasyr1omlerocs mposyKta. Ilomox*Kenue 3aMecTUTeel B 9TOM COCMHeCHY p 
OKa3aHO OKHCJICEHHeM ero B ONHCaHHyt0 ByBopom (pep pollen HKapOoHoByle 
KHCAOTY, KapOOKCHJIbHbIe TpyMMbl KOTOPOM pacnoslOx*KeHbl B PasHbIX WAKA‘) 
UTO OblIO YCTAHOBJeHO Pas/IHUHbIMH MyTAMH (4,°,1°). OrusmcepporeHKap6ouoBEol 
KHclOTa MoyYeHa BOCCTaHOBJIeHHeM 10 Kwyemenceny aleTudeppoleHKap6 i 
HOBOH KHCJIOTbI HM, CJIEAOBaTeJIbHO, HMeeT TakKoe 2%Ke PacnoOsOReHHe 3aMeL sy 
jwouux rpyun. ByrupudeppowenKapOonoBad KucuIOTa NosyyeHa moO Ppuaie 
juo — Kpadrcy, H ee BOCCTaHOBJIeHHeM ToOsyyeHa OyTHIdeppoleHKapOoHoBe 0 
KucnoTa*. UndpakpacHbl cueKTp MeTHJIOBOrO a*upa TlepBOH u3 3STUX KHCJICH 
(orcyteTByroT uactoTs! 1000 u 1107 cmt, XapakTepHbIe JIA He3aMeLICHHOI!E 
WHKJla), a Tak?Ke CaMbIM MeTO] NomyyeHuA (noOOubIit TaKOBOMY JWI ualsh 
TudeppoleHa H WIA alleruicdeppoweHKapOoHOBOlt KHCJOTbI) CBUCTEIBCTBYK [a 
O TOM, 4TO 3aMECTHTEIH HAXOAATCA B PaSHbIX WHKMA: 
Monomerusoppiit adup deppouenaquKap6oHoBolt Kui) 
JIOTHI NOYYeH H3 AHMeTHOBOrO schupa STOH KHCIOTIL 
HeNOJIHBIM ero THApPOMH30M. 

KoncTaHTbl JMCCOUMalMM MOyueHHEIX HaMH KWE 
JOT, a Takxe (eppoueHKapOoOHOBOH, MaCJIAHOKi H Gel) 
30HHOH TIpuBeweHbI B TAG. 1. 

CpaBHeHMe KOHCTAaHT JuccomMauHN cbepponenKayer 
OOHOBBIX KHCJIOT NOKasbiBaeT, YTO BBeLeHHE aK) 
B H€3aMeCILeHHbIN WAKJI PeppoleHKapOOHOBOH KUCOTIL 
NOHMKAaeT KOHCTAHTY AMCCOMMalMu, a BBeeHue OTpII 
WaTeJIbHOFO 3aMeCTHTeIA MOBbIUAeT ee. Tak, alleTu.ly 
beppolleHKap6onoBas Kucuora B 2,4 pa3a CHbHee tbeppoueHKkapOoHOBOH Kull 
JOTbl H B 3,3 pasa cumbHee sTHIPeppoleHKapOOHOBOH KUHCJIOTEI. 

B pay Gex30a n-anerunOen30liHad KucoTa B 4,2 pa3a CuuIbHee 6eH30i)) 
HOH KucuoTbI ("), a n-KapOomeToKcnOensoliHad KUCOTa B 3,8 pa3a CHJIbHEl 
noculemHen (B 50 %-M no o6bemy staHose ) (12). Takum 06pa30M BJIMAHHe 3aMecrTi 
TeeH Ha KOHCTaHTy JuccoumaluH tbeppoleHKapOoHnoBolt KHCMOTEI U3 Apyrory 
MMKJIa MOJICKYJIbI BIIOIH€ CPABHHMO C BJIMAHHeM TeX 2%Ke 3amecTuTeNel Ha KOFI 
cTaHTYy AMCCOUMAaNMN OCH30HHOM KUCJOTHI H3 N-NOTOKeHUSA. . 


* CHHTes 6yTHpHA- H 6yTusdeppoleHkapOouoBbIX KUCIOT, a TakxKe ompeleieHHe KO} 
cTaHT HX AMCcounalHH MpopeseHb! copMectHo c T. H. Jlanmuypm. 
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Tot *aktT, 4TO BUINAHHe 3aMecTUTeTel U3 OHOrO WuKsJa deppouena mepe- 
MaeTcA B Apyrok ero WMKJ, NOMTBepxKAaeTcA HW MpPOBeeHHbIM Hamu CybPUupo- 
BaHvem (eppolleHa B NPHCyTCTBAM 9KBUMOJAPHOrO KOMMYeCTBa cbeppolleHKap- 
OoHOBOM KUCIOTHI (KOHKypupyronlee cybPpupoBannue). IIpu stom cdbeppouenKap- 
OoHOBad KUCOTa He H3MeHAeTCHA, a cbeppowleH MOUTH Halleno cymbdupyerca. 
B Oomee xKecTKHX yCNOBHAX cbeppolleHKapOoHOBaa KucuIOTAa Oblla HaMH Mpo- 
cyibpupopana. Takum o6pa30M Kap6OOKcHJIbHad rpyliiia OKasblBaeT NaccuBH- 
pyroulee JevcTBHe Ha He3aMeIICHHbIM WMKJ MOJIeKYVJIbI. 

CyekyeT OTMe€THTb, 4TO BCe XOPOWIO M3yYeHHBIe JO HacTosulero BpemeHH 
CMCTeMBI, s*PPeKTHBHO MepeMaionlMe B3aHMHOe BJIMAHWe, HMEIOT HEMpPepbIBHYIO 
Welb yrulepotuyx aromos. Movyiexya cbepponena NpHHIMnMabHO OTMMUAeTCA 
TeM, 4TO B Hel OJHHM H3 3BEHbEB MPOBOMALIel CHCTEMBI ABJIACTCA ATOM 2KeIE3a. 

IlonyueHne anetTuamhbepponeHKapOoHOoBOHK KUCAOTH. 
B cmecb 5,0 r (0,037 mon.) xmopuetoro amomunua, 2,35 r (0,030 mom.) xmopu- 
ctoro aueTuma u 30 ma CCl, npu oxmaxgenuu fo + 10° zo6aBneH B TeyeHHe 


Ta6auna 1 


68%CH20H, 20° 


HCJI = 

Kucaora Fe adie | DK g 
CH3CH,CH,COOH 0,30 | 6,52 
C,4H;,—C;Hya—Fe—C;H,—COOH 0,31 | 6,50 
C.H;—C;Hg—Fe—C,;Ha—COOH 0,37 | 6,43 
H—C;H,—Fe—C;H,—COOH 0,51 6,29 
CH;00C—C;H,—Fe—C;Hg—COOH 0,83 | 6,08 
CsH,OC—C,;H,—Fe—C,H,— COOH 1:13 | 5,95 
CH3;0C—C;H,—Fe—C;H,— COOH LD |i GH 
CsH;—COOH 4°47 | 5,93 


15 muv. pactBop 5 r (0,0205 mon.) merumoBoro abupa ceppoleHKap6oHoBoli 
KucsloTH. Tlocme uacoBporo cTOAHHA MpH nepwHosMuyeckOM MepemelliMBaHHH 
cmecb Oplula OOpabotaHa sesqaHoU Boon. TlomyuenHoe nocme yaneHua pac- 
TBOPUTeIA BeIECTBO MePpeKPHCTaJIIM30BaHO M3 MeTaHOJa; BbIXO, 3,2 r 
(58% Teopun). Merusoppii apup aterumceppoleHkap6oHoBOH KUCJIOTHI Mocse 
BYKpaTHOH MepeKpHcTasMM3ZaluN 3 WHrpoHHa MuaBuTcA upu 92,5—94,5°. 


Hatimeno %: C 58,78; 58,69; H 5,05; 5,02; Fe 19,46; 19,43 
CyaHygFeOg. Brruucneno %: C 58,77; 4,94; Fe 19352 


Mernuosblit acbup alleTudepporenKapOoHOBOH KUCJIOTHI OblJI OMbIJIeCH Harpe- 
BaHHem c 20% NaOH. AuerundbeppotenkapOonoBad KuCcsIOTa Nocwe ABYKpaTHOH 
NepeKpucTaliu3saluu u3 GeHsoa uMeeT T. mM. 153—155°. 


Hafineno %: C 57,74; 57,58; H 4,47; 4,33; Fe 20,34; 20,15 
Cy3H,3FeO3. BriunucneHo %: C 57,38; H 4,45; Fe 20,52 


ko Taver c He aTHAPeEPPONeCHKAPOOHOBOH KUCMOT HL. 
Bsapecb 7 r alleTusdbeppoueHKapOoHoBOH KUCOTHI B OO Mi yYKCYCHOM KHCJIOTEI 
NpuIuTa K aMaJIbraMUpOoBaHHOMy WHHKY (MpHroToBeHHomy u3 20 r nopourKo- 
oOpasHoro mwHHKa u 1,5 r cymempl). K cmecu QoOaBseno 20 MJ COJAHOM KUCJOTHI 
pH TOMeWIMBaHHU M Yepes NouITOpa yaca — elle CTO/bKO xe. Cech Harpeta 
npu 70° B TeyveHHe 4aca, pasOaBJleHa JBOMHbIM OObEMOM BOA; BbINAaBUIMH oca- 
OK OTPHIbTPOBaH, MHOFOKpaTHO SKCTParHpoBaH TOpAYHM xXJOpoopMom; 
PacTBOPHTeb OTOrHaH B Bakyyme. Bprxox 4,9 r (70% tTeopun). Ilocne nepe- 
KPUCTaIH3aluu 3 JIMrpOWHa M 9TaHOJa T. WI. 15.5)-= [04 


Hatineno %: C 60,58; 60,44; H 5,27; 5,48; Fe 21,89; 21,77 
CysHyaFeO2. Brruucseno %: C 60,50; He 5,47; Fe 21,64 
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Tlonyueuue O6OyTupuapeppouenKapOoHoBor KHCIOTBIP 
Merunospli sup OyTupumcdeppoleHKapOOHOBOK KUCJIOTHI NOy4eH TEM Ke Mell 
TOJOM, UTO H MCTHMOBLIM SUP AMaleTHMpeppoweHKapOOHOBOH KHCJIOTbI C BBI) 
xonom 45%; T. mi. 54,5—55,5°. h | 

Haiineno %: C 61,86; 61,75; H 5,90; 5,89; Fe 17,63; 17,54 | 
Cyg,0,,FeO3. Baruvcsieno %: C 61,21; lela? Fe 17,89 


OmpluieHvem sToro stupa Momyyena OyTHpHdeppolwenHKapOonoBad KucJOTAaly 
4 
Tlocne nepexpuctanmusanuun u3 CCl, a MeraHona T. nt. 114—115°. 


Hafineno %: C 60,36; 60,14; H 5,52; 5,38; Fe A AAO 
CysHy.FeO3. Brrauceno %: C 60,01; Hike, ove Fe 17,61 


Tlonyuenne OytuaheppounentKapOoHOBOH KUCIOF 
Tb. ByrumbeppouenkapOonopand KUCOTa NoyyeHa TeM %Ke CHOCOOOM, 4TH 
aTHsIdeppouenKapOonopaad KucsoTa. [lepekpucraM30BaHa M3 JIMrpowHa U Mey 
TaHona. Brxon 74%; T. ma. 73—74,5°. | 

Hafineno %: C 63,16; 63,05; H 6,59; 6,45; Fe 19,41; 19,34 
C,;H,gFeO2. Brisucmeno %: C 62,96; H 6,34; Fe 19,52 


OxucnweHuve aneTHAMepponeHKApOOHOBOH KUCAOF 
Tb. 0,7 r (0,0026 mon.) aterumcbeppoleHKapOoHoBok KucJIoTHI Hu 0,9 r (0,003€ 
MOuI.) Homa Harperbl B 1 Ma mupugquHa mpu 100° B Teuenue AByx 4acoB, ocr 
uero Wo6aBeHo 10 ma 15% NaOH, u cmecb Harpeta Ha KHNAMIeH BOAHOL 6a) 
He ele 2Ba vaca. SaTeM peakI[HOHHad Macca pa3sOaBeHa 20 Mi ropsxuer BOLD 
HW mupodusytpospana. M3 dunptpata comAHO KUCMOTOM BbICaxKeHa CMecb cbeppo-# 
IeHMKapOoHOBOH HM HCXOQHOM KUCJOT; MOCeTHAA M3BIeVeHa TOPAYHM GeH30-B 
JoM. OctaToK nepeKpWcTaIM30BaH H3 YKCYCHOH KUCJIOTEI, nomyueHo 0,1 1 
(beppoleHINKapOOHOBOH KHCJIOTHI, KOTOPad ObllIa 3aMeTHJIMPOBaHa Mas0mMeTa-e 
HOM. Ilocme nepekpucrasmu3alun U3 MeTaHosla TomyueHo 0,06 r qumMeTusOBOrEp 
apupa ceppowenyuKapOonowol KucoTH c T. mt. 114—115°, no#uxenusfi 
T. Ill. C 3aBeJOMbIM BEILeECTBOM He JlaeT (NO JHTepaTypHbIM JaHHbIM T. TW. 
114—115° (4)). 

ITlonyueHwue MOHOMeETHAOBOTO 9PuUPa HheppoweHsF 
AuKapOonHoBok KucCAOTH. Monomerusosplli apup (bep pollen quKap- 
OOHOBOHM KUCMOTHI Obl MoyueH 50-MHHYTHbIM HarpeBaHHem 4,5 r (0,015 mow.) 
JMMeTHIOBOrO acupa ceppoeHwuKapOonoBolt KucAoTH! c 0,6 r (0,015 mow.) 
NaOH, 2 ma Bogpi u 60 Ma MeraHoua; T. nat. 147,5—149,5°. Burxon 1,05 r (24,5 %!1 
Teopun). 

Hatigeno %: C 94,75; 54,73; H 4,50; 4,43; Fe 19,42; 19,97 
Cy3Hy2FeO3. BaruncneHo %: C 54,30; lal AyA0e Fe 19,38 


CynbPupoBanne METHAOBOTO 9HuUpa Hepponen-sf 
KapOOoHOBOH KuCAOTH. K oxmaxgeHHomy Jo + 5° pacrsopy 1,9 rk 
(0,0078 Mou.) MeTHoBoro supa deppolenKapOonoBok KUCOTH B 20 Mi Cyxo- 
rO WHXJOpsTaHa MpPHIMT MOpWMAMH 3apaHee NPHroTOBJeHHbI pacTBop 1,2 rf 
(0,015 mow.) cepHoro auruypuga u 3,0 r (0,034 mom.) quokcaHa B 20 Ma Auxsop-| 
sTaHa. CMeCb ocTaBsleHa B 3aKppITOM cocyyze upx O° u uepes 24 ua- 
Ca NOCTeMeHHO IPH NOMeLIHBaHHM BbIIMTa B OXJaKIeCHHLI JbIOM scbupHplt 
PpacTBOp MasomeTaHa (TpeXKpaTHbI H3ObITOK JHasomeTaHa). Ilocme uacoso- 
rO CTOAHHA PacTBOP MPOPuMbTPOBaH, MPOMBIT BOMOM, H PacTBOPHTeb OTOTHAH | 
B BakyyMe. J{umMeruJloBblit scup ceppowencymEdoKap6onoBolt KUCOTHI Mepe- 
KPHCTAaJIM30BaH H3 JIMPpOHHa HM MeTaHoOJa; T. Wt. 93—95°; Brixon 0,9 r (34% Hf 
TeopuH)*. . 

Haiizeno %: C 45,95; 46,08; H 4,09; 4,25 
CysHy4FeO;S. Bprancaeno %: C 46,16; jal ASEH 


KoHKypupywmee cynpduposanne. 2,30 r (0,01 MOJI.) fh 
beppowenKapOonopol KucsoTE u 1,86 r (0,01 mon.) depponena pacTBopexo f 
B 200 Mi MHXJOpsTaHa, pacTBOp OxJIaxKeH Wo + 5° u kK HeMy lpukaman 3apa- & 


: 
TakHM 2Ke MeTOJOM MoxeT ObITh mpocymbtupoBaHa HM (beppoleHKapOoHoBaA KuCHOTA. f 
020 : 


ee IIPHrOTOBeHHEIM pacrBop 0,85 r (0,0105 moa.) cepHoro anrugpuya u 44 
,045 mon.) WuoKcaHa B 15 Mi AuxopsTana B TeueHue 45 mun. Iloce uacoporo 
jonHHuA pH 5° u_ 16-yacoporo — mpu 15 — 20°  pacrBopurenb 
forHaH B BakyyMe u ocTaTOK oOpaGoraH 25 ma 5% NaOH. Pacrsop npodup- 
»OBaH, Ha (pUIbTpe octasiocb 0,18 r d@eppouena (10%). U3 dunptpata comsHoit 
ICOTOH BbIcaxKeHO 2,0 r (90%) eppoweHKapOoHOBOl KUCHOTEI, SPUpoM U3 
AbTpata usBuleveno eme 0,10 r (4%) stot kucsorst. M3 ocrapimeroca pacrBopa 
RCTBOPHTeNb yaJleH B TOKE BO3AyXa MPH YMepeHHOM HarpeBaHuU, HaTpueBaa 
Pe (beppoleHCyAbMOKUCJOTHI NepeKPHCTAIMM30BaHAa U3 BOLI, MOMyYeHO 1,2 r 
ijecTBa. BenswuirHypoueBad Cob cbeppoleHcybdoKucJoTH mocie mepe- 
ACTAaJIM3alMH WwiaBuTCA pu 219—221° (no muTepaTypHbIM JaHHbIm 220— 
12°) (°). | 

| Onpexenenoue KOHCTAHT AucconUNanHnH. -Koncranty 
HCCOUMAUMH ObIJIM OMpeweeHbl MOTeHILMOMeTPM4eCKUM MeTOJOM B BOJHOM 
}% m0 Becy MeTaHose npu 20°. Pacuernt npousBeszeHb! m0 dopmyiam: 


= [NaOH] + [H+] M — {{NaOH] + [H*}} 
(Kx = (Tp Naon] + ay? PXa =PH +18 ——TRcony+ ay’ 


(13) 


he MM — MomsapHad KOHILCHTpalldA KUCJIOTHI B pacTBOpe, KOTOpanA Becerra 
iBHAIacb 5,0000-10°? M. SHauenna pH 6p u3smMepeHbl WIA Kako KucIO- 
{ JIA TpexX pa3JIMUHbIX CTeMeHeH HeMTpamMzalluu, TaK TO KOHIWeHTpallua 
20H B stux GydepHEIx pacrBopax G6pista: 1) 1,4145-10°°M, 2) 2,3575- 1073 M, 
| 3,3005-10°% M. 

_ Mamepenua pH npon3Befeubt Ha motTentMomertpe Tuna JITI-4, mana noren- 
OMeTpa ycTaHoBseHa lo Oydepy c pH 7,09. Pasnnuuua mexyy oTJebHbIMU 
iauecHHAMM PK,, BbINHCICHHbIMH MO MpHBeeHHOM CopMywe, He NpeBblUaIH 
AA KaxKMON KucOTH 0,03 equHuup pKz. 


Ilocrynuano 
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Jljoxaann AkayemMun Hayk GCcecP 
1957. Tom 115, Ne 3 


XHMH\ 


Usen-Koppecnonyent A. JI. FETPOB, JI. JI. WIYKOBCKAA, C. HU, CAM bIX-3AJIE 
u tO. MI, EFOPOB 


CHHTE3 H JErTHAPATAWUHWSA HEMNPEQEJIBHbIX 
KPEMHHMACOJEP)KALIMX CIIAPTOB 


Kak u3BeCcTHO, XapakTep JervipaTaluu CHMpTOB OMpeseseTCA CTPOeHH 
UX HW IpMpomow cuupToBol rpynmbl (serue Apyrux, OObI4HO, AerusApaTHpyiwoT 
TPeTHUHbIe CHMPTH, 34 HUMM CJleLyOT BTOPMUHbIe HW TpyqHee BCex jeruypaiy 
pyroTca neppuuHple). B cryuae KpeMHUMCOMepAKaWMX CHMPTOB K YKa3aHHbIM (él) 
TOpaM IIpHcoequHAeTCA elle U BUMAHHeE aTOMa KPeMHHA. 

B pane ucclemoBaHul (1) 6blwIO NOKa3aHO, YTO CIHMPTbI Cc B-nonoxKeHH 
CUMpToBoi rpymmbl mo oTHOMeHHIO K Si, KaK NpeeIbHbIe, TAK HM HeEIPeeIbHEL 
B 3aBMCHMOCTH OT UX CTPOeHHA OObIUHO MpeTepneBaloT HapAyy c eruspaTauye 
Gobi WH MeHbIUMH B-pacnagq. HenpeyempHpie cnMpTh Cc Y-MO0%KeHHI 
CIMpTOBO rpymmbl, a TaK%Ke HE IpeTepneBatoulMe paciaya cnupTsl c 8-no0N} 
HHeM CIMPTOBOH Fpyntibl, KOTOPbIM TOCBHAMaeTCA HacTOAee UCCeOBAaHIs 
W3Y4eHbI elle OveHb Maio. IlepBbie HenpefebHbIe CHMPTH! Cc y- H B-NONONM 
HuemM rpynnbt OH Opi CHHTe3HpoBaHbI No peakiuam (?,*); 


Gy HEN Na 
CH, — C = CH — CH,OH + CISiR3 — CH; — C = CH — CH, — O — SiRs 
| | Cl Si Ryd 
Cl Cl 
H,O 
as JRSy = ‘i = CH — CH,OSIiRs ae RsSi — C = CH — CH,OH 
CHs CH, 


Mx jleruyqpatTauua eule He u3yuena. 
Tleppplit HenpefebHbI cuupT c B-nos0xKeHHem OH rpynmpr u ue npert 
MeBaloumlv paciiaqa Obi nosyuen (*) no peakuuH: 


CH, CH, 


| | 
OH — C— G== CH + (C,H;)3Sid ~ OH — C — C= CH, 
| | | 
CHs CHs Si (C2Hs)3 
Ero eru[paranust c KHSO, mpouia c 6ombmot merKocTbIo H Jaga Tepe 
KPeMHHeBHIN aHawlor MeTHIM30NpeHa. 
CHs Ip 


| 
OH NOs GSten, 


—H,0 

: : — CH, =C —) Cs = (Clas Ui; 
; | | | 
CHy-< Si (Gels), CHs Si (CeH5)3 y 


IIpoqomKant 9TO uccneqoBaHHe B HacTOsmel padoTe, MBI CHHTe3H poBih 
WHKIMYeCKHe aHaJIOrH ykKa3aHHOrO cnupTa uu KpeMHuliyrmenoqopogalt 
peakitHam: 


S MCoHs)a 


S 
1, Cres CH + (C,H;),SiH ——» C= a es \I1. 
5 Kio < ptaa | 
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Eme B 1953 r. Obiio Mokasano (4), YTo Moce B3aMMOJelicTBuA JMMeTUualle- 
| THIeHWIKapOnHoua c u386bITKoM [pHHbsApoBoro pearenta, NosyyeHHoe mpons- 
‘BoHoe pearupyetT c R,SiCl. W3 _ByxX Bo3MO%KHbIX BapHaHTOB MpoTeKkanna 
9TOH peakuuu: 


CH, 
SS me 
a (1) 
SAD CHs” dsip, 
= G=CMex + RSiCl 
Ne OS Ge (2) 
- cH,” ¢ 
3 OH 


BTO BpeMA, BBUAY HecHocoOHOCTH NoswyYeHHoro CoeAMHeHUA erus~paTupoBaTEcsa 
€ HOJOM HW Ha OCHOBaHHH HEKOTOPHIX CHeKTPabHbIX JAHHBIX, TpeAmoUna wile ObIIO 
OTJaHO NepBOMy BapHaHTy. 

Mobi NOBTOpHJIH CHHTe3 BbIlleyKa3aHHOro COeAMHeEHHA JA Re CH; u-tlo- 
| IyYYHIM pA ero aHanoroB. Bce 8TH coeqHHeHMA JlerKO JervApaTMpoBasucb 
ic KHSOs. YkasaHuHble pe3yJIbTaTbI UW YTOUHEHHbIe MaHHble CNeKTpasbHOro Uc- 
CleQOBaHHA MOSBOJIAIOT CUMTATb, YTO 3TAa peakUHA MpoTekKaeT 10, ypaBHeHH0 (2). 


Ue al el ad 

Ep hip vatects cog 3p batiegiiae ca 
| 
eMen le CH 


——> (CH3)(C2Hs) +H» Si C=C—C=CH, 
nt eeeein Sei arene 
OH H 


[logrBepAuTb NpoTekaHue peaklinH (0 ypaBHeHuto (2)) CIKTpaJIbHbIM MeTO- 
ROM TipefcTaBusocb BO3MOXKHBIM OslarofapA MoOJyYeHHBIM HaMH B NocseHee 
| BpeMA ClleKTpaM KOMOMHAaIMOHHOrO paccesAHUA pAMa STAMOHHBIX kKpemuuliopra- 
HMYECKHX coeMHeHUH c TpoHow cBasbIO. TlomoxKeHHe XapaKkTepHOH wacTOTbI 
| C=C oxka3amocb caegyroumum: (CHs)3sSiC==C—CHs 2186 cm 4, (CHs)sSiC = C— 
WE—C,Hy:2175 cm, (CHs)sSi — C=C — CH & CH, 2154 cm, (CH3)38iICH,— 
|} —CH,C=CH 2116 cm?. V3 mpupefenuprx undp BuAHO, YTO pH @-MouO- 
| Kenuu cpi3u C=C «x Si (wu He Ha KOHUe Wenouku) HaOmofaeTcA JMHMA 
/B oOnactH 2170—2190 cm™4, npu conpsxenuu cBasel C=C u C=C yactota 
NOHMKaeTcA JO ~2155 cm}, a pu NepesBUXKeHHH ee Ha KOHeLL WemouKkH (HM yAa- 
JIeHuM OT aToma Si) qo 2116 cm!. Tlocnequaa undpa OnusKa BenuMuMHe, HaOvIO- 
faeMol B amkuHax-l1 (HanpHmMep, R—C=CH~2120 cm’). 
B nowyyeHHbIxX ClekTpaX KOMOMHAIMOHHOrO paccesHUA CIMpPTOB 


H OH H OH 


| | | | 
CGHeSi-= G— CG @— CH, 2 (CHaSi— C= C— C= Chan (eMa HYDKe) 


| | | | 
C3H, CH3 C,H; : CH 


HalijeHa HHTeHCMBHaA yacTota 2167 cm?. Bees 3TOH UaCTOTb] HECKOJIBKO 


HuOKe OOACTH, YKa3aHHOH panee WIA rpynnbl yi, cies! C=C—R, Ho 3HauHTeJIb- 


HO Bbillie, YEM Ha KOHIe WeMOUKH, KaK MO%KHO Oblo0 Obl ORKUaTb, UCXOMA U3 
ypapnenus (1). Kpome Toro, B uncbpakpacHBbIX CIeKTpax STHX Ke CIMPTOB Oba 
o6uapy2Kena THNMYHAaA Nomoca OH rpynupi B oOnacTH 2,75 p. 

JipyruM MO,TBepKeCHHeEM CTPOeCHHA ABYJIOCb oGpazonanne coejiMHe- 
Hui SHMHOBOoro Tuna. B cmekTpax ByX coefMHeHMH 9T0rOo pxAya 


H 
| o 
(CHg)gSi — BG Ch, u-(GHi si =, Saal Ce : =CH, Opium Haliqenpt 4ya- 
| 
CHs CHs CHs 
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govodorosoriABHHWody XIGHHOMLILOALOOD HM AOL 


duu xusoonunesdowunwedy xidnsolfodueH 


ea LOHodD 


TOTbI, OTBeYaIONIMe KaK JBOMHOH, TaK U TPOMHOM CBA3AM, a HMeHHO: 
v(C=C) 1610 cm? uw v(C=C) 2152 cm). Tonyuennpie penuunner 6mu3KH 
yka3aHHbIM HaMH pavee jist BAHMJISTHHUICHIAHOB R,SiC == C — CH = CH, (°). 

VutepecHoO OTMETHTb, TO B CHeKTpe KOMOMHALLHOHHOrO paccesHus 


/ Y—C=CH, yacTroTra cBa3H C=C noppmuena yo 1633 cm 


q y , uTO 
Si(C2Hs)3 
3HauHTeJIbHO Bbuue, uem y CHs—C=CH, (1605 cm). 
Si(CHs)3 
1. Cunte3 CORRon a B aBToKa#aB momemlasocb 15 r alerunenuu- 


- 


WukoreKkcaHoyla, 15 r TpHsTHICHIaHa MH KaTamMTHYecKHe KOuMUecTBa Pt/C. 
AsTokaB Harpepasca 24 yaca npu 200—210°. Tlocne d@paxunonupoBKu BBIJe- 
Jl€H CIIMPT, KOHCTaHTbI KOTOPOrO MpHBeeHbI B Ta6u. |. 


2. Cuutes C= C—Si(CaHa)s. V3 7,2 r marnua u 33,0 r 6pomn- 
O 


cToro STUJla B S*upe NPHToTOBeH ZTHJIMarHHHOpOMHA, K KOTOPOMy 3aTeM JO- 
Oapianocb 19,0 r atleTumeHumimMKsoreKcaHosla, pacTBopeHHoro B sdupe. Ha 
CETYIOWMH MeHb Jo6aBinnocb 27,0 r TpuaTHNOpoMcHaHa, peaKIMOHHaA Mac- 
Ca NlepeMeluMBaslacb pu HarpeBaHHuN 3 uaca, 3aTeM 3c:pup OTTOHAJICA HM OCTaTOK 
HarpeBaJica Ha MacuIAHOM Gane npu 100—130° 3 yaca. Tocae storo on Obit pas- 
JO%K H BOOM Mp OxMaxKMeHUM AbAOM MU 9KCTParHupoBaH Sc*upoM. OdupHple BbI- 
| TAXKKU CYIUMINCb NOTAWIOM, 3:PUp OTTOHAJICA, H PPakIMOHMPOBKOH BbITeIAICA 
| TpOykKT CO CBOMCTBaMH, TIpeAcTaBJIeHHbIMH B Tad. 1. 

Ilo ananoruuHom MeTOAMKe MOMyYeHb! Bce KpeMHHMOprannyecKkHne CHUPTH. 

CreKTpbl KOMOWHAIMOHHOrO paccesHHA ObIIM NOsyYeHbI Ha YyCTaHOBKe 
co cnexTporpadom MCII-51 u kamepo f = 270 um. 

Ghign 
YWallocb TaK}Ke CHHTE3HPOBaTb UH 9pup CH, ee C= CH B HmxKecuJleqyromlux 
OSi (C2Hs)s 


ycnopuax. B cmecb 15 r qumeTusaleTHeHHIKapOuHosa uM 12 r nMpHyuHa mpu 
TlepeMelUHBaHHH ObIIO MOGaBseHO NOcTeneHHO 25 r TpHsITHIXopcHaHa. JA 
3aBeplleHHA peakUMH KoOa HarpeBasiacb 1,5 uaca Ha BOAAHOH Cane. Ilo ox- 
NaxeHuH OCaoK OTCPHJbTPOBbIBaJICA, (PHJIbTpaT pasrousJicA. Bprqesen sup 


¢ T. Kum. 93,5° (183,7—184,2° npw 758,8 mm) n° = 1,4310, d20 = 0,8414. 
Hatijzeno %: H — 11,39; C — 66,83; Sti ono: 
Cy1He2SiO. Brruucneno %: H — 11,14; C — 66,66; Si— 14,14 
HsomepHplt TpeTHYHbI CnupT, NpHHuMaBUIMiica Hamu paHee 3a 9aup [(4), 
wMeeT T. kum. 121,8° npn 27 mm, n® = 455% qd?) = 0,8638. 
VWuctutyT oprannuecko XHMHH Ilocrynusio 


um. H. JJ. 3ennHckoro : 23 III 1957 
Axkayemuu Hayk CCCP 
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Jloxnagn AkawemMun Hayk CCGP 
1957. Tom 115, Ne 3 


Usen-Koppecnongzent AH CCCP M. M. WIEMSAKHH, ®. A. MEHJEJIEBHY, 
A. M. CHMOHOB uw B. B. NETPHHCKA 


TAYTOMEPHA APHJIAZOTPONOJIOHOB 


Kak H3BeCTHO, TPOMOJOHbI, He MMelOlWHe 3aMeCTHTe/IeH B MOJIOXeHHH 5,0 
ylerKo coueraiorca c coulaMu AMa3z0Hua. IIpoqyKramy STO peakIMH OObIMHO ABAA- | 
JOTCH APHNa30TPOMOJOHbI, KOTOPbIM MpumucpIBaeTca crpoeHue I (1). 

Oyuako, u3y4ad CBOMCTBA HeKOTOPbIX APHMa3SOTPONOJOHOB, MbI H€CKOJIbKO i 
jler Ha3aJ, CTOIKHYJIMCb C TaKHMM OCOOCHHOCTAMH STHX COeAMHEHHH, KOTOPbIC wi 

HaXOMWIMCb B mpoTuBopeyuH c dopmynoh I. Oro 


ee os 3aCTaBHIO HaC 3aHATbCA Oolee YrIyOMeHHbIM HC- i 
CIe@lOBaHHeM apHa30TPONOJIOHOB, B Mpollecce KOTO- if 

es pOro MbI IIpHUJIM K BLIBOAY O CMOCOOHOCTH STUX coequne- fp 

he Hull K TAYTOMePHBIM IIpeBpalleHHAM B TPONOXHHOHTHApa- jt 


ft 
Lee Uma, 30H (II). OOHapyKenHad HaMH TayTOMepHA apus1a30TPO- jt 
1 mT mowloHos (I) = (II) cxoqHa m0 cBoemy XapakTepy C aHaJO- 
rHUHbIMH TayTOMepHBIMH peBpalleHHAMH 95-HHTpO- je 


Tlepppie pesybTaTbl H3YYeHHA TAYTOMePHH apHa3s0TPONOMOHOB HW COCTABJIAIOT F 
TipedMer HacTrosllero cooOueHHs. . 

H3maraeMble HCCJleqOBaHHA Obl MpopeweHb! C rpynnon 5-apusazsoTpono- if 
mouos ([V), MOMYYeHHbIX asOcOu“eTaHHeM COOTBeETCTBYIOWAX TponosmoHoB (III) } 
C COMAMM WHa30HHA. CKJIOHHOCTbh STHX COeEMMHEHHM pearupOBaTb B TayTOMepHOH § 
(bopme V G6piula cHadala OOHapyxXeHa HaMH MO HX CMOCOOHOCTH JIerKO B3aHMO- ji 
WeHCTBOBATb C O-(peHHJIeH/HaMHHOM C OOpa30BaHHeM XHHOKCaJIMHOBbIX MpoOu3- ff 
BOJHbIX (VI), UTO, KaK H3BeCTHO, H€ CBOHCTBeCHHO CaMHM TPONOJIOHaM; XHHOKCa- 5 
JIMHOBHIe MpousBoqHHle (V1) SEH NowyYeHEI U3 apHsasorponosmoHoB 1Va—IVB. ff 
C {pyro cropoubl, OKa8aocb, ¥TO apHuasoTponosoHD! 1Vr—IVe oueHb serKo f 
(ye mpu HarpeBaHuu BCH,OH) ormenssaior kKapOoKcHJIbHY1O rpymny, Haxols- } 
ULyiocdA B MOOKeHHH 3, MepeXOAA B COOTBeTCTBY1Olle 5-apusta3zo0-4-kap6oKcume- ff 
THATponomoun (VII); stra peakilua He CBOMCTBeHHa MCXo,HOMy Tponosony IIIry 
(?), 43 KoToporo 65M NoyIeHb! apHsasorponomoubt IVr—IVe, Ho onat 
BIOJIHe CCTeECTBCHHA WIA TayTOMepHbIX (opm Vr — Ve, y KOTOPbIX OTULeMIAeMad § 
KapOoKcusIbHad rpynma HaxoluTcaA B B-nomOKeHHH K OAHOM H3 KapOOHHJIbHbIX | 
rpyun. Hakone, 6bl0 YCTaHOBJeHO, 4YTO MPH MpeBpallleHHH apHasoTponoso- } 
Hop [Vr—IVe zB kucaorp (VII), a rakxxe H HeNOCpeaCTBeEHHO H3 NocueqHUX, | 
erkO NowyyaiorcA Helitpabuble coequHeHuA (VIII), oOpasyroulueca B pe- | 
3YJIbTaTe 3aMbIKaHHA TeTepoKoJblla Y TPOMOXHHOHTHAPasOHHbIX (opM apusi- 
a30TponooHoB *. UndpakpacHpre cCneKTpbI BBIAeIeHHBIX cCOoeqHHeHUit yKa- 
3bIBaIOT, UTO OHH COepKaT «-KeTOMbHYy!O rpynnuposKy (cm. VIII), a ux cKnoH-| 
HOCTb OOpas0BbIBaTb cC O-(PeHHJICHHaMHHOM XHHOKCaJIMHOBLIe MPOWSBOLHEIe} 
CBHeTeIbCTBYeT O CMOCOOHOCTH pearHpoBaTb B TayTOMepHOH dopme (IX); 
HajIuuHe Ke B MOJIeKYaX AMHIHOM TPyNMHpoBKH ObIO YCTAHOBJeHO Mp u3sy- 
YeHHH MH(PpakpacHblX CNeKTPOB MOIYYeCHHEIX XHHOKCAJIMHOBbIX MPOHSBOHBIX* *. | 


* Ilo cBoemy XapakTepy 9TH MpeBpallleHwa B U3BeCTHOM Mepe CXOAHEI Cc Mpoweccoml 
oOpasoBaHua xuHonypnypuHos (X) (*), KoTOpble, Kak H coemHHenna VIII, Mox%HO paccmaT-4 
PHBaTb B Ka¥eCTBE MPOH3BOAHBIX TPOMOXHHOHTHAPa3OHAbIX POPM apHMasoTPOMONOHOB. ; 

*“* Tax, B cnexTpe coeguHenua VIII (Ar =C,H;Cl-n) Onna o6napyxxena mosoca 
BaJICHTHOTO KONeOaHHA rpynnbl — O —H.---- (yactora 3270 cm! B Kkpuctasmax u 3325 cm2f 
B CClq), XapakTepHad AA A-KeTONOB, Y KOTOPbIX THAPOKcubNad Tpynna BKWNONeHA B CH- 
CTeMy C T-3JIEKTPOHHBIM B3anMOJeHcTBHeM (cp. (°)). UTo kacaeTcA Moocbl amugHoro Kap6o- 
Hila, TO ee HeJb3A OTYCTIMBO BLIABHTh B CMeKTpe coequHeHua VIII (Ar = CgH;Cl-n), Ho, 
Ona Oba Haliqena (aacrora 1676 cm~! B KpucTanax) B CleKTpe XHHOKCaHHOBOrO NpoUs-, 
BOAHOTO STorO CcoesMHeHHA (aHHble JJ. H. UWuropuna). 
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JlaHHble 0 TponoxMHOoHTHy- 
H30HHOU TayTOMepHH apusia3o- 


1aeT HCXOJHOH a30HHOK dopMe 


Ta6Oauua 1 


MOJIOHOB, PpaHee ONHMCAHHbIX B JIMTepaType, 


qbonosonon III, nonmyuen- MN 
| Sabiahes ee 11.1. BenlecTBo ee, Amaxe B MY 
‘Pele B pesysbTaTe xHMHYeCcKOoroO 

BYYeHHA, OblIH 3aTeM MOLTBep- 

RACH = CIEKTPOCKONMYCCKHMU 1 | 4-ennnasonad- C.H,OH | 410.) 470 
icculelOBaHHAMH. M3pecruo Toa-1 

b 7), 4TO TAYTOMePHbIe peBpa- 2 | O-meTuanoBblit atup | C.H;0H 392 

frenms APOMATHYeCCKHX OKCH- PLES GAS 

2 Jl pees, 

RZ0COCAMHCHHH,  MpPHBOALHe 3 | Mernadenvarugpa- | CeHe 466 
NOABJICHHIO B  pacTBope 30H 1,4-HapTo- 

igs XHHOHIHApasoHHol dopMul, XHHOHA 

foMpOBox*KLaioTcsA NoABIeEHHeM 4 aaa ula C2H;0H | 402 | 500 
eS e = -4-MeTHJI- 

| BUAMMOM YacTH CileKTpa_ nor- Tponos0H ( 

| ee BTOPOrO MakcCHMyMa 5 | 9-(n-Kap6atoKkcude-| C,H;0H | 402 | 495 
Hanpume -PeHua30Had- HMJI)-a30-4-KapOo0- 

| p Pp; 4 4 po 

roa 1 HMeeT B CIMPTOBOM pact- > asacees ak | 

ope 2 Bet eres — mpu 470 6 |n-Cynbdanunamu- | C.H,0H 502 
| 410 mp (°)); mpu 3ToM Mak- OXHHONYy pny pun 

KUMYM, JIeKAallul B Oosee JIHH- 

HOBOJIHOBOH OOacTH, OObIUHO - : 

MpUHaWIeKHT XHHOHTHpa3sou- IIpH MpHroToBjeHuH pacTBOpoB apHla3z0Tpo- 

e e NOJIOHOB OHH HarpeBaJIHCb AH PacTBOPeCHHA Be- 

10H (popme, a MaKCHMYM C jnecrga B TeYeHHe HeCKOABKHX MHHYT mpx 60— 
MeCHbIUeEH AJIHNHOH BOJIHbI OTBe- 70°. CnexkTpbl mMorjiomeHHa pyrux apula30Tpo- 


cm. (8). 


oKcHasocoequHenua. Anauo- 
tN HN yeh 
- ; \ 
Q je) fe) 2 (9) fe) N N 
xX x ve x 
_ _——s = 
———_—_——— 
y 7 Y y 
uh N=NaAr N—NHAr N—NH As 
IV Vv vi 
ia: X=H, Y=CHy Waa Va:X=H; Y=CH;, Ar=C,H,COOEt-2 
16: X=H, Y=CH,COOH V6 == V6:X=H; Y=CH,COOH; Ar=CsH,COOEt-2 
is" X=COOH; Y=CHy Ve == Ve:X=COOH, Y=CHy, Ar=CgH,COOEt-n 
mir *X=COOH, Y=CH,COOH Vr == Vr?X=COOH, Y=CH,COOH: Ar=C,H,COOEt-" 
Wa = VatX=COOH, Y=CH,COOH, Ar=CcH,SO,NH)-2, 
Ve w= Ve:X=COOH, Y=CH,COOH; Ar=CgH,Cl-2 
-H aH 
Oo ube ONS Q o Q 6 
——— 
ae 
Hy 
CH, oF yu Hy 
lee N — 
Ne COOH Beye yee N—nN—Ar 
N—A, N—Ar N—Ar x 


PHYHaA KapTHHa HaOJ0alacb HaMH U Np USyYYeHHH CHeEKTPOB NOTVIOULeHHA CiHH- 


PTOBbIX pacTBOpOB apHuazsoTponosoHos, HampHMep 1Va u 1V6. Kak BuHo U3 JaH- 
HbIX, IIPHBeAeHHIX B TaGw. | (NeNe 4 u 5), B BUAMMOH YaCTH CNeKTpa 9TUX BELLECTB 
MMelOTCA JjBa MakcuMyMa. Makcumym c Ooublweli JIMHOM BosHEI (495—500 my) 
61M30K K COOTBETCTBYIONIMM MaKcuMyMam 4-(peHusazoHadproma-1 ero N-mersb- 
HOO IpOu3BOAHOrO U, OcobeHHO, XHHONYypmypuua (X; Ar = CgH,SO,NH,-n); cu- 
Brao1.1NeNeol, 3 u 6. CnefoparentbHo, 92TOT AIMHHOBOJIHOBbIN MaKCHMYM 
yKa3pipaer Ha HasWM4ve B PacTBOpaX HCCJIELYeMbIX aPHa3OTPOMOMOHOB Tay- 
TOMepHOH TPOMOXHHOHTHApasonHol cbopMpi (V). C Apyrol CropoHbl, MaKCHMYM 
C MeHbluel WIMHOK Bou! (402 mv), OH3KHH K COOTBETCTBYIOULEMY MaKCHMyMy 
4-cbenusiazonadroua-1 u K MakcuMymy ero O-MeTHJbHOrO MpowsBo_Horo (cM. 
NoNe 1 u 2 B ra6u. 1), orseuaer as0rponosoHoBoH dbopme IV apua3s0Tponos0HoB. 

927 


Cnoco6HocTh apHslas0TPONO/IOHOB K paCCMOTPeHHOH BbILIe TayTOMepHu OBIE 
HeJlaBHo oTMeuena Hosoe (°), KOTOpbIii, TAK Ke KaK HW Mbl, OOHAPY2KUVJI, YTO STi 
coeqHHeHHA OOpasyloT Cc O-eHHJICHTMaMHHOM XHHOKCAaJIMHOBBIC MpOH3BOAHb Y 
quna VI. Mbt peipaxaem mpod. Hos0e Gompulyio OularofapHOCTbh 3a MPHCbIJIKE 
oOpasiloB XHHOMYpNypvHoB, YTO OONeTUMIO Hal CIeKTPOCKONHYECKHE Hy 
cleOBaHHa. i 

QKCNePpHMeCHTAABHAH WaACTH i) 


1. Tonyuenne 5-apuaasoTrponoamonos (IV) 


PacrBop JMa30THpoBaHHOro aMMHa MpHsMBalor npu 5° K UlesouHoMy pat) 
TBOpy Tponosona II1la—IIIr (1°), cmecb nepeMewuBaloT oKoNO | vaca M NOM 
KucIAIOT. BpinaBuiu ocaokK OT@HJIbTPOBbIBalOT, MPOMbIBalOT BOMOH, Tepe 
KPHCTaJIIM3O0BbIBaIOT HM CyllaT B BakyyMe mpH 40°. a | 

Coequnenve IVa. Opanxkespie Kpuctanmpr “3 meq. CHsCOOH. T. my 
187—188° (c pasnox.). Brrxon 75%. Haiizeno %: C 65,20; H 4,93; N 9,2(1f 
C,,H,,O4Nez. Brruncneno %:C 65,37; H5,16; N 8,97. Coequnenve 1V6. Kopury 
HeBO-Kpacuble KpucTauib us 80% CHsCOOH. T. na. 168—169° (c pas0x.@ 
Buxon 61%. Haiizeno %: C 60,64; H 4,44; N 7,67. C,, H,,OgN2. Brruncneno % 
C 60,67; H 4,52: N 7,86. Coequnenue IVs. TemHo-Kpacuble KpucTasJue 
wz meq. CHsCOOH. T. na. 179 — 180° (c pasox.). Brxoq 51%. Hage 
jeno %: C 60,69; H 4,52; N 7,78. C,gH,¢OgNe. Beraucneno %: C 60,67; H 4,525 
N 7,86. Coenqunenue IVr. Kpucranausyot us 80% CHsCOOH (1:30), narpel 
Bat 1—2 mun. npn 30°u 6nicrpo pubTpysx. KopwuneBo-Kpacuble KPHCTaJJIbl § 
T. mm. 158—-159° (c pasnomx.). Brrxon 40%. Haligeno %: C 56,79; H 3,848 
N6,63. C,,H,6OgNz. Burancaeno % : C 57,00; H 4,03; N 7,00 *. Coequnenue IVE 
Kpucranausyior mpu 30—40° ananormyuHo coequHenuio IVr. Kopnunescg 
KpacHbl Kpucramorugpat c T. mt. 174—175° (c pasnox.); Bola yanserc! 
mpu 105—110° u 3 mm. Burxog 25%. Haiigeno %: C 45,20; H 3,65; N 9,95 
Cy6H,.OsNsS-H2O0. Burruucneno %: C 45,17; H 3,55; N 9,88. Coenunenn¥ 
IVe. Kpucranmusyior mpu 70° us meq. CHsCOOH (1:13) ananornunig 
coeqvHeHHio 1Vr. Kopnuneso-KpacHplt Kpucramoruapat cT. na. 145—146 
(c passiowx.). Barxom 35%. Haitzeno %: C 50,83; H 3,35; N 7,65, Cl Ole 
CigHi10¢N2Cl-H2O. Buraucaeno %: C 50,47; H 3,44; N 7,36; Cl 9,31. 

2. onyuenuve XHHOKCaAHHOBLIX Wpou3Bo,H IX) (VI) 

J\vokcaHosplli pactBop a3socoequnenua [Va—IVB u SKBUBaeCHTHOTO KOJMW 
yecTBa O-eHHJIeHMaMuna KunATAT 10—12 mun. OcayzoK orcduabTpoBbIBa1or} 
MIPOMbIBalOT JMOKCaHOM, KPHCTaM3yIoT HW cyliaT mpH 70—80° nu 1—3 mM 

XuHOKCaIMHOBOe mpousBomHOoe U3 IVa. Temuo-Kpacuble KpHCTasVIbI H3 Jel, 
CHsCOOH cr. ma. 243—244° (c pasnox.). Brrxon 63%. Haiiqeno %: C 69,41) 
H 5,33; N 13,69. C,3;Ha,O.N,-0,5CH,;COOH. Baraucneno %: C 69,55; H 5,35: 
N 13,52. XunoxcanuHoBoe mponsBogqHoe us IV6. TemHo-KpacHple urviEI He 
seq. CHsCOOH cr. na. 221—222° (c pasnox.). Brrxon 25% **. Halineno %: 
C 64,06; H 5,12; N 11,40. C.,H.,O,N,-CHsCOOH. Brrancneno %: C 63,92: 
H 4,95; N 11,47. Xusoxcamunosoe npoussogzuoe u3 IVb. )KeuITO-OpaHKeBBl€| 
KPHCTaIbl H3 MMoKcaHa c T. mm. 241—242° (c pasnom.). Burxon 79% **} 
Haliqeno %: C 67,30; H 4,83; N 13,00. CosaH20O4Na. Brruncaeno %: C 67,28: 
H 4,70; N 13,08. 

3. Tomyuenue SapuaasoTrponononos (VII) 
Hcoeqaunenun (VIII) 


TlekapOokcumupoBanue asocoequnenua IVr. 2 r IVr sp 25 ma meranonal 
Harpesaior 3 yaca mpu 60°. Ormennserca 91% COz. He oxnaxyasa, orbunprpo-} 
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* Illenounom ragpomn3 (Kkunayenve c 20% NaOH) coequnenun IV r NpHBOLUT K O6pa-t 
SOBAHHIO Pia BeULeCTB apOMATHYeCKOTO XapakTepa, M3 KOTOPBIX ObIVIa HAeHTH>uLUpOBaHal 
N-aMunOOeH3oHaA KHCOTA B BHAe €€ NMKPHAbHOFO NPOHSBOAHOTO; MPH KHcOM rH pose} 
(KanaveHne c¢ 5% H2SQ4) ormenasetca oKon0 20% NHsg. 

“ Bemectso pacrsopsietcd B BOJABIX MWeNoOUaX JMIb MPH HarpeBauHH (110-BHHMOMy, 
COMPUT NaKTOHHOe KOWIbILO). . 
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PBbIBAIOT OCAOK, MPOMbIBaIOT €FO TeIVJIbIM M€TAHOJIOM H KpHCcTaauH3yroT us 80% 
HCHsCOOH. Bec 0,37 r; 1. ma. 168—169° (c pasox.). BemlectBo ueHTHUHO 
i socoenuHeHuto IV6; cm. onpit 1. [pu KontlentpupoBaHuu MeTaHombHoro (puub- 
jitpara Bbinataer coequHenue VIII (Ar = C,HaCOO Et-n), kotopoe mpompipaioT 
fPACTBOPOM COMbI H KPHCTAIMSYIOT U3 JEL. CHsCOOH. Tlouyuator 0,12 r annu- 
MIBIX 2KEJITBIX HII CT. TM, 231° ( c pasmox.). CoequHeHve He pacTBopsetca B 
BOMHBIX UlelOouaxX, HO OKPalIHBaeTCA B TeMHO-KpacHbi User. Ilepeq ana- 
¥30M BelllecTBo cylaT mpu 50° u 3 wo. Haiigzeno %: C 63,44; H 4,19; N 7,86. 
(CysHisOsNe. Beruncneno %: C 63,90; H 4,17; N 8,28. 

JlekapOokcnuiupoBanve azocoenuHenua I[Vn.2r [Va B40 Ma 65% mera- 
fHoula HarpeBaior 50 mun. mpu 60°. Ormensmsetca 96% COz. He oxmaxias, oT- 
PUJIBTPOBbIBAIOT OCAZOK HM MPOMbIBaIOT ero TeMIbIM 65% MetaHOJioM. Ilonyuator 
0,44 r asocoeqnnenua VII (Ar = CgsHsaSO2NH:2-n), Koropoe KpucTamiusyetca 
ws 80% CH;COOH 8 sue tTeMHO-KpacHbIX MacTHHOK c T. na. 200—201° 
(c pasmox.). Tlocne oxnaaeHua peakUMoHHoro (busbTpata BbIemAeTCA BTopad 
jusomopdnas cbopMa Toro *e asocoeluHenua (0,44 r), KpHcTrammM3yloulasca 
jus 80% CHsCOOH B Buge TOHKUX KenTHIX ura c T. ma. 184—185° (c pas0x.). 
|O6e M30Mop@uble (PopMbl JlerkO MpeppalllawoTca Apyr B Apyra Mmpu KpucTawn- 
A3alluu. )Ketad tbopma: Halimeno %: C 50,00; H 4,03; N 11,30. Kpacnas copa: 
Halineno %: C 49,78; H 3,76; N 11,52. CisHisOgNoS. Buruucaeno %: C 49,58; 
1H 3,60; N 11,56. 

Hekxap6okcuupoBanue a3ocoequHenua IVe. 3 r [Ves 30 Ma MeraHona 
HarpeBatoT 2,0 uaca mpu 60°. To oxnmaxgenun oT@uIbTpOBbIBAaIOT OCaJOK, 
MPOMbIBaIOT €fO MeTaHOJIOM HM KpucTammusyior us seq. CHsCOOH. Ilomny- 
yaior 0,17 r coequnenua VIII (Ar = C,HaCl-n) B Bue 2MHHHbIX 2%KeJITHIX 
wrt c T. nt. 258° (c pasnox.). Tlepeq anamu3om sBelllecTBo cymaT mpHu 45° 
1425 mM. HatimeHo %: C 56,60; H 3,62; N 8,02. CisH,OsN:Cl.CHsCOOH. 
‘Brraucneno %: C 56,59; H 3,63; N 7,77. Kpucrannvsaluonnaat ykcycHaa 
KucloTa yamaerca mpH 80—85° u 3 MM. 

BeulecTBo He pacTBOpAeTCA B BOJHHIX IleOuaX, HO OKpalllMBaeTCA B TEMHO- 
iKpacupii upet. IIpu yarpepanuu coequnenua VIII (Ar = CeHaCl-n) B quoxca- 
HOBOM pacTBope C 0-(peHHJIeHTMaMHHOM OOpa3yeTCcA XHHOKCaJIMHOBOe Mpous- 
BOJHOe C T. pasox%. 269—270° (uz quoKcana). Haltigeno %: C 67,57; H 3,82; 
N 15,02. CeiHisONaCl. Baruucuieno %: C 67,65; H 3,52; N 15,03. 

PeakUHOHHbIli pacrBop, ocraBuulicd nocue oTfeneHua coequnenna VIII 
(Ar = C,H.Cl-n), Konlenrpupytor, mouyyeHHbli ocaoK OTpHJIbTPOBbIBAaIOT, 
MPOMbIBalOT MeTAaHOJIOM, OOpabaTbIBaIOT PaCTBOPOM COJbI, BHOBb (UVIbTPYIOT, 
M @uIbTpaT nosKucaAAoT. BpmnaBwul ocaloK OTPUJIbTPOBbIBaIOT, MPOMbIBaIOT 
BOJOH MH KpHCcTasmH3y1I0T u3 seq. CHsCOOH. Tomnyuaror 0,12 r asocoetnunenua 
) VI (Ar = CgHaCl-n) c tT. na. 173° (c pasnox.). Tepea anamusom ero BBICy- 
j MBaioT mpn 45° nu 5 mo. Haligeno %: C 56,34; H 3,65; N 8,84. CisHi1O4N:Cl. 
| Buraucueno %: C 56,52; H 3,48; N 8,78. Ilpu amutTewbHOM KHMAYeHHM B MeTa- 
| HOJIbHOM pacTBope NowyyeHHoe aso0coeMMHeHHe MOCTeNeHHO MepeXOANT B coe- 
|qunenue VIII (Ar= C,HaCl-n), Koropoe Bpilemai0T, KaK OMMCaHO BBILle. 


Uuctutryt 6Homu0rMyeckOH WH MeXHUMHCKOM XHMHM Tlocrynusto 
AxajJeMHH MequuMHCKHX HaykK CCCP, 17 VI 1957 
MockoscKu TeCKCTHJIbHBIM HHCTHTYT 
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Jlokxaagn Akanemuu nayk CCCP 
4957. Tom 115, Ne 3 


PH3HYECKAA XUMUA 


B. B. EBCTHPHEEB u B. A. FABPHJIOBA 


MCCJIEXOBAHHE MPHPObI MEPBUYHOM SOTOBOCCTAHOBJIEHHOM 
®OPMbI XJIOPO®HJIJIA HW EFO AHAJIOFOB C TIPHMEHEHHEM D,0 


(ITpedcmaeaeno axademuxom A. H. Tepenunoim 2 III 1957) 


Jlanuple, MpuBeLeHHBIe B IpeAbiymux coodmenuax (',”), CBUJeTeECTBYIOI 
B 0b3y TOrO, YTO OOHapyxKeHHaA HAMM NepBuYHaA COTOBOCCTaHOBJeHHas 
dopma xsopoduasa uv ero anasoros (1°), ABIAIOMaACA NepBOH CTyMeHbIO (oro: 
BOCCTAHOBJICHUA STHX MHTMeHTOB (°,*), pedcTaBAeT TO CBOeH Npupose cBoOOL) 
HbIii pauKasI — MOHH3HpOBaHHbIM CeMMXHHOH, OOpa3sylOlMlicaA IyTem mepe: 
HOCa S/IEKTPOHA OT BOCCTAHOBHTeIA K JVIMTeIbHOMKUBYINeH BOsOy2KeHHOF} 
6upaquKabHon (°) cbopMe murMeHTa. ! 

OHakoO BOMpPOC O TOM, ABJIAeTCA IH OOPasoBaHne NepBUYHOH BOCCTaHOBJIeH-# 
HOH (OPMbI JeCHCTBHTeIbHO pe3yJIbTaTOM TOJIbKO TepeHoca 3JIeKTPOHa K MMT 
MeHTY WIM B 9TOM Tiporecce yuacTByeT Tak%Ke HM MPOTOH, BCe Ke HeMb3A OblChe 
CUHTATb OKOHYATeJIbHO PelIeCHHbIM. 

SaBeoMO ympolad CXeMY, MOXKHO TipescTaBUTb ceOe ABe cueqyrommme cepurk 
peakWHH MpH POTOBOCCTaHOBJIeHHH XOpOPpHWia WH ero aHaOroB, KOTOpBIEl 
BKJIOWAIOT B CCOA OOPasOBaHHe MePBUYHOFO MPOLYKTAa BOCCTAHOBJICHHA CO CBOH-D 
CTBaMH, OOHAPyXKeHHbIMH B IIpebILyWMX MCCelOBaHHAX: 


Xa’ + RH, >: Xs + RH} >-XaH +-RH, ay 


Xa” +RH,— XnH7 + RH? > XaH, +R, (2)) 


re Xa° — xmopodpuis B OupaquKanbHom cocrosHuu, RH,— soccraHoBurTevb, 
MOA4epKHYTbI — NepBuYHaA H BTOPHYHAA BOCCTAHOBJIEHHbIe (POpMBI. 

Jl OKOHWATEMbHOrO PeLIeHHA BOMpoca O TOM, KaKOli M3 STHX CepHit peak: 
IMM OTAaTb NpeNourenue, BO BCAKOM CJly¥ae B OTHOWICHHH OOpasoBaHUA Mep- 
BHYHOM BOCCTaHOBJICHHOM COPMbl, MbI PeLIHJIH MPHMeCHHTb XOPOLWWO H3BeCTHBIEI 
KHHeTHYeCKHM MeTOX (°), y2Ke HCHONb3OBaHHDIM B Halle a6opaTopun (7) u oc-} 
HOBaHHbIM Ha 3ameHe Jlelirepnem (D) aOubHOoro Bogopoya (H) B BoccraHoBH-f 
Teue. . 

Kak u3BecTHo (°), B Cllyyae peakuMit, CBASAHHBIX C TepeHocom Boyopona.h 
MOQOOHaA 3aMeHa MIPHBOAUT OOBIMHO K 3aMe/WICHHIO XOJa peaKWHH, TAK KaK 3Hep- 
PMA AKTHBaMH Mp STOM OKasbIBaeTCH OONbIUIeH; KaxkyuiMecd UCKOUeHUSE 
OObACHAIOTCA OCOOeCHHOCTAMH, B UYaCTHOCTH MHOrocTyneHyaTOCThIO aHHOPE 
peaxuun (°). [lostomy onbirbl 10 BAMAHMIO 3ameHbI H wa D B O2HOM HIM HecKOub- 
KHX KOMMOHeHTaX PpeaKUMH Ha CKOPOCTb STOM PeaKIMH OObIYHO MOFYT JaTb OT) 
BeT Ha BOMpoc, yuacTByeT JIM BOMOpOA B WaHHOW peakunu. B uactHocTu mo106-)) 
HbIM O6pa30M OblIO NOATBEPKMeHO yuacTue BOLOpoga B cborocuuTese (8), peak-s 
uuu Xuma (’,°) u doroBoccraHoBleHuu xmopodunaa (7). iH 

Tlepeq Hamu, cileqoBaTesIbHO, CTOAIa 3ala4a BbIACHUTb, KaKHM OOpa3onve 
ckarkeTcst 3ameHa H wa D B BoccTaHoBHTesme Ha CKOPOCTb OOpasoBaHusa nepBHd-E 
HOH BOCCTAHOBJIeHHOM (hopMbl NMrMeHToOB. Kak HM B page pelbiqymux uccnet 
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Banu (1), HanOomee YAOOHbIM MMFMeHTOM JIA STHX OMbITOB OKAa3aICA Cpeodu- 
, N€PBHYHAaA BOCCTAHOBJIeHHaA (opMa KOTOPpOrO ABAAeTCA HauOouee yCTOH- 
#BOH (7”) WH NO3BONAe€T MPOBOAMTb TaKHe OMBITHI, KOTOPbI€e H€BO3MO2KHBI 
je€pBHYHOM BOCCTaHOBJIeHHOM (opMOd XsoOpotusa M3-3a BeCbMa OOJIbIOK 
HOpOCcTH ee OOPaTHbIX peakUHit. 

_PaOota mpoBosuiacb B BaKYYMHBIX yCOBHAX B MMpHAMHOBOM pacTBope 
jo6aBKo 10% H,O uau DO. Tupugun yao6exu 8 sTom cayuae NoTOMy, 4TO 
He CojepxKuT a6WJIbHbIX aTomoB H, cnocoOuprx K 3ameHe ua D. Ilostomy 
MeH BOLopoya Ha Melirepnii B pac- 

OpeHHOH acKopOuHOBOH KkuUCJIOTe Z 
peMeAeTCH IWeMKOM OTHOWICHHEM = zp 7 
HIeHTpalun WoOaBmeHHoK D,O u 

om KuCOTH. B Hallux ofMbirax 
baneHTpaunaA D,O (500° mr na Sua 
McTBOpa) Obi1ia B 100 pas 6onbwmeli, 

hs KOHUCHTpaluA ackOpOWHOBOH = /90 
hietOT Et (5 mr Ha 5 mua); tosTomy 

DKHO CUMTATb, UTO B OMbITax c D,O 
RBHOBeCHE ObIIO MOUTH TMOIHOCTbIO 
RBHHYTO B cropony o6pa30BaHHa / 
FP KOPOMHOBOL KHCJIOTLI C WaOWJIb- & 

ibIMM aTOMaMU D,HBpeakItMu BOCCTa- 20g I 
BICHHA MOPIH yYaCTBOBaTb MOUTH 

SKJHOUHTEIbHO 3TH ATOMBI. 2 

Ha puc. | noka3aHo BauaHHe 3a- 

Henbt H Ha D B ackopOnHOBOH KuC- 

pre Ha CKOPOCTE oOpasoBanua nep- 100 
MUHOW WH BTOPH4YHOM BOCCTaHOBJIeH- 

ix (opm deoduTuHa a. 3a xojoM 0 
/Ppasopanna Tl€pBHYHOM BOCCTaHOB- 

HCHHOH POPMbICJeMMIH 110 H3MCHEHHIO Puc. 1. Bauanue 3amenst H wa D B acKop6u- 
NCIMUMHbI KOSPPHUMeHTAa NOralleHUA Hosoi KucMOTe Ha CKOpOCTh OOpasoBanUA mep- 
facTBopa mpu 470 mp (1%), ocBeljae- BAYHO! (/) aM BTopuuHoii (JJ) BOccTaHOBeHHBIX 
oro KpacHbIM cBerom mpu —40°(1), 0PM eoburuua a. 1 — HO, 2 = Dal) 
KOPOCTE oOpa3s0BaHua BTOpHdHOL 

JOCCTAHOBJICHHOH CPOpMbI H3MepANacCb MO H3MeHeHMIO MaKCHMyMa 525 Mp. TIpH 
KOMHATHOH Temiepatype. 

Kak caeqyer 13 pucyHKa, 3ameHa H wa D B BoccTaHoBuTesle He 3aMelJIAeT 
pOpa3soBaHHA NepBUYHOM BOCCTAHOBJICHHOM CoOpMbI; axe HaoOopoT — no Tpo- 
{IeCCTBHH HeKOTOPOrO BpeMeHH KPMBaaA B MpucytcTBHu D,O HaunHaer MTH 
jlerka BbIIUe, ¥eM B IpHcyTcTBuH H,O, 4yTo MoxeT OObDACHATECA Oosee OpicT- 
DIMA BTOPHYHbIMA U3MeCHEHHAMH MepBuuHO dopmbI B npucyrcTBuu H,O, 
MMUTHPYIOMMH JabHeMwun NObeM KPHBOH. 

B mpoTHBonooxKHocTb sTOMy 3amMeHa H,O ua D,O B 3HauuTeIbHOM CTeneHu 
YMCHbUaeT CKOPOCTh NOABJEHHA KPaCHOM BOCCTaHOBJeHHOKM copmpr (525 Mp). 
BaMeIeHHe BOCCTAHOBJIeEHHA XMOpOdua MpH MoMoOHOH 3ameHe OpblvIo yxKe 
nmoKka3aHo panHee (“), MpHyem Torga oO xofe peakWHu CyAHIH NO NOHHKeHHIO 
PacHoro MaKcuMyMa xJlopodusia B COOTBeTCTBYIOWMX ycOBMAX. Buausanne 
oO Ha BOCCTaHOBeHHe XJOpOdUNa BHOBb OblIO MOATBep*KTeHO HaMM TlyTeM 
3MePpeHHA CKOPOCTH MOBbILeHHA MaKCHMyMa Tip 525 Mp. 

TlonmKeHve CKOpocTH Nepexofa MepBHYHOrO BOCCTaHOBJIeHHOrO Mposykta 
peopuTuHa a BO BTOpHuHy1O PopMy OblO NOKa3aHO HaMM TIPAMbIM OTIBITOM, 
PesybTaTbI KOTOPoro Hs0OpaxeHb! Ha prc. 2. Mccezyempli pacTBop BbILIe- 
yKa3aHHoro cocTaBa ocBemlaica mpu —40°, B pesybTaTe 4uero Mpoucxouo 
MOUTH MO/IHOe BOCCTaHOBeHHe (peoduTHHa a, C OOpa3s0BaHveM NepBUYHON BoccTa- 
HOBJIeHHOM cbopmpt (18). 3aTeM peaKIMOHHasd TpyOxKa (*) BCTaBAIaCb B CIeKTPO- 
PoTOMeTp, H H3MepssICA KODUIMeHT MorawieHuA MpH 525 mb(2). To Mepe Harpe- 
BaHHA PaCTBOPa B TEMHOTE IIPOMCXOAHJIO IpeBpallleHve MepBUYHOK BOCCTAHOBVJIeH- 
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20 30 cek. 
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30 60 90 cek. 
Anumenskotins Ocbeuyenua 


Holt opMp! BO BTopuuHy. Puc. 2 nMoKasbIBaeT, YTO 9TO NpeBpallleHHe CHJIby 
3amelisetcs pH 3amene H,O na D,O. 
Vutepecuo OTMeTHTb, UTO pH HCHOb30BaHHH PecWuTHHa a, BIPpOTHBOMOMO'E 
HocTb xsopod@ussy ("), CKOpOcTbh NOHW2KeHAA KpacHOro MaKCHMyMa (670 Mp) rr 
OCBeIIeCHHK Maso oTMYaeTcaA BBapvantec D,O uw H2O ne ToubKo pH HHSKON, HCH 
IIpH KOMHaTHOH TeMnepaType.Ofnako Nosy YaloulMHcs Cp asy Mocwe OCBELICHHA Tf 
KOMHaTHOH TeMMepaType BOCCTaHOBJEs 
HbIM pacTBOp 3HaUTeJIbHO OTMMYAeTCA FF 
cBoemy cocraBy B o6onx cryyuaax. Ec 
B ipucytcTBHH H,O pactBop cofsepxy 
MOUTH HCKJIOUHTeEIbHO BTOPHYHY!O BC 
CTaHOBJIGHHY!0 (bopmy H OOaaeT, COC 
BeETCTBEHHO 3TOMY, KPaCHO-(HOJIeTOB}! 
oKpackol, TO B upucytcTBHA D,O & 
pacTBopa KopHuneBo-Oypbi, WH OH CI 
ep KUT OObwWOe KONMYECTBO NepBHYHY 
(bopMbI. OTo elle pa3 NOKAaSbIBaeT 3Ha 
en pee 15 mun, TebHO 66sbLIyIO yCTOHYMBCCTb HepB 
Anumenvnocms npeboibanun HOH BOCCTAHOBJIEHHOH Cop MbI (heodbut 
G memMHome Ha, MO CpaBHeEHHlO C TaKOBOH XJIOp: 
dusna. I]pumenenue D,O MoxerT ABI 
Puc. 2. Bausauve 3amenbtH naD sp ackop6u- TECH, CIeNOBaTebHO, JOMOJHUTCIbHE 
HOBOH | KuCNOTe Ha CKOPOCT nmepexojyia nep- MeTOJMUECKHM IIpeMOM pieyest 3allep Khe 
BHYHOM BOCCTAHOBJICHHOH (OpMb! ¢eod nTHHAa g 
Bo BropHunyio. /—H,O, 2—D.0 Tlepexofa 3TOM MOpMbl BO BTOPHYHyIe 
TakHM 00pa3oM, pesyJbTAaTbI ONbITH 
¢ IpuMeHenuem D,O coBeptieHHo onpit 
JIeJIEHHO FOBOPAT B MOJIbSy TOrO, YTO MPOTOH B OOpas0BaHHN MepBuYHOH BoccTH 
HOBJICHHOM PopMbl NHrMeHTOB, B OTMMYGMe OT OOpas0BaHHA BTOPHYHOHM BOCCT 
HOBJICHHOM (PopMbI, yuacTHA He IpHHuMaeT. Ora cbopMa oOpasyerca B pesysh 
Tate NMepBuuHorO PoTOXHMMYecKOorO TepeHoca 3eKTpOHa OT BOCCTaHOBHTe)} 
K HaXOJAMeMycaA B JVJIMTeCbHOMRKMBYWIEM BO3OyKJCHHOM COCTOAHHHM MHrMeH: 
(cM. ypaBHenve (1)). IlpHcoequHeHHe SmeKTpoHa MpOHCXO_NT, MO-BUMMOM! 
B KaKOM-TO MecTe CHCTeMbI KOH bIOPMPOBaHHbIX CBA3el, B pe3yJIbTaTe Yero CHeK't 
TOTJIOULeHHA MMTMeHTa pe3KO H3MeHAeTCA HW CTaHOBHTCaA pacnbByaTEm (1% 
BropuyHad BOCCTaHOBJIeHHad (hopMa ABJAeTCH, MO-BHAHMOMY, pesysbTaTc 
NambHelieroO NpHcoeqMHeHHA TpoToHa. CnektTp MorsolleHHA BOCCTAHOBJIeHHONe 
IMrMeHTa CTAHOBHTCH Ooslee JUCKPeTHbIM, XOTA HM OTMMUAeTCH OT CIeKTT 
wucxoj{Horo murmenuta (3, °). 

Pasnulla B CBOMCTBAX MepBHUHbIX BOCCTAHOBJICHHIX (OPM pasJIMUHBIX 0M 
MeHTOB rpyMlbl XNOpousa, B YaCTHOCTH STHX PopM XNOpoussa u ceouTi 
Ha OObACHAeTCA, MO-BHAMMOMY, Pa3JIMUHbIM BOS JelicTBHeM Ha CHCTeMy KOHDE 
TMPOBaHHbIX CBASeM MOORKUTEIbHBIX aTOMoB (2H** uu Mg**), naxoqanquxc 
B WeHTpe Mosekyubl. B mpucytcrBun 2H” (eodurun) nocropoHHuit sneKTpc 
BOCIIPHHUMaeTCA sleruye HM yfep2%kuBaeTcA NpouHee, YEM B NPHCyTCTBHM JBYBi 
JICHTHOTO MeTaa, B YactHocTH Mg** (xnopoduna). Sto u o6ycOBMMBaeT 3Hih 
YATebHYIO PasHHy B YCTOMYMBOCTH SJIEKTPOHHBbIX BOCCTAHOBJeHHBIX cbopl 
9THX MMrMeHTOB (1,?). 

Jlononnnresbuble WanHble no BAMA D,O na peakuuro (boToBoccTraHoBut 
HUA XNOpodusNa Obl NOJYyYeHbI NOTeEHUMOMeTpHYeCKHM MeTOJOM. 

Ha pic. 3 IpuBe,enb! KpuBble U3MeHeHUA NOTeHUMasa MaTHHOBOrO SueKTp 
a, ONYUleHHOrO B pacTBop xsopodusa uM teopuTuHa B NMpHMHe c JoOaBKO 
H,O0 unu D,O B npucyTcTBHM BOCCTaHOBHTeIA TIpu ocBemleHuu. B coorBercTBY 
C TEM, 4TO ObIvIO y2Ke TOKasaHo pauee (!,/°) pH OCBeLeHHM B UpucyTcTBHH OOBTY 
HOH acKOpOMHOBOH KUcuOTHI (onbIT c H,O), KpHBaa usMeHeHHA MoTeHlinase 
cHavala NOHMKAaBMAAcA, ObIcCTpO sarMOaeTCA KBepXy B peSysbTaTe JasbHeL} 
IHX WSMCHEHHM IJIeKTPOMHO-aKTHBHO NepBHYHOM BOccTaHOBeHHOM cbopMBl 
M Mpeke BCero BCJeACTBHe Nepexofa ee B 3/IEKTPOMHO-HeakTHBHYIO BTOPUYHYFt 
BOCCTAaHOBJIeHHY!o (opMy. Samena H ua D B ackop6unosolt Kucnote (onli 
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‘}D,O), 3aMesioulaa sToT Mepexoy (cM. puc. 2) cpasy Menser BUI KPHBOH. 
i yenttte WeT labile MH MMHHMyM jocTHraeTca ropa3yqo no3xKe. Sru jau- 
Wye elle pas MogTBepxfaioT, TO 3CKTPOMHOH AKTHBHOCTbIO oOGaaeT 
WeHHO MlepBHYHaA BOCCTaHOBJeHHaA cbopMa. 
Kaptuna Biuanua DO na o6pasoBaHne MepBuyHol HU BTOpUUHOl BOccTaHOB- 
j) HHbIX (POpM TIMrMeHTOB, MofoOnaad BbINeOMMcaHHOH, HaOmOManacb Hamu 
|HCKOTOPBIX APYFHX PacTBOpUTeAX, He COCOOHBIX K ObICTpoMy OOMeHY cBoero 
Mopoa Ha JedtepuH, BYacT- 
bcTH B alleTouHe (c jloOaBKoH 
dipuanna). B npotTuBonojnox- ¢ 
bcTb STOMY, IpHOaBsenue DO 


| 
“ecto H,O k MeTaHoJIOBOMy 
CTBOpy He MIpvBelO K H3Me- 
PHUIO CKOpocTH dorTosBoccta- 


: | 


( 


ocoOHoro K 3ameHe Ha D. yp 
_8TOM pacTBopHTese Np upu- 
WABIeHHH HeOoMbUoro KOJIH- 
kecTBa D,O o6bluHad ackKop- 
MHOBad KMcJoTa Mepexosusa 
eHTepHpoBaHHy!o TOJIbKO 
/Maslow cTemeHu, HefocTaTou- 

HOU WIA TOrO UTOObI CKa3saTb- 

A Ha CKOpOCcTH peaKIHH. 
IIpumenenuve D,Ono3Bon 10 

AkKKe ellie pa3 MOMTBepAHTb, -zp| 
TO KpacHo-dvosleTOBOe Boc- 
TaHOBJIeHHOe coeMHeHve, 00- 
asyrollleeca pH orospoccta- 0 / “4 3 4 man. 
OBNCHHU (TalowwaHuvHa Mar- AnumenbHocine ocbeweHua 


a Camas SZ AN OL Puc. 3. Kpuppie usmenenua (oTonoTeHunana MMpuyH- 
fEYCTOMYHBOCTH, ABMACTCA BTO- — operx pactBopos beopuTana a () u xaopodbuana 
{MUHOM BOCCTaHOBJIeHHOH dop- a + b (xa) B mpucytctsun H,O (1) u D2O (2) 
MOH, TAK KaK CKOPOCTb ero 

6pasoBaHua, H B OCOOeHHOCTH OCOpaTHOK peakIMM, YMeHbUlaeTCH pu 3amMenHe 
Ha D B BocCTaHOBHTEeLe. 

B 3akmoueHHe BbIpakaemM OjlarofapHocTb aKayemuxy A. H. Tepennuy u 
ipodbeccopy A. A. KpacHopcKoMy 3a MOcTOAHHOe BHHMaHHve UH OOcyxXeHHe 
adoTbl. 


: 
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VuctutyT 6uoxumun um. A. H. Baxa Tloctynuso 
Axafemuu Hayk CCCP DI MN Mhaye 
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@PH3HYECKAI XHMHM 


B. A. 30JIOTOB 
ME)KKPHCTAJIJINTHBIE NPOCJIONKH B IHICcE 
(ITpedcmaeneno axademukom II. A. Pe6undepom 29 IV 1957) 


BoJbwwMHCTBO IIPHMeCHHeMbIX B TeXHHKe KPHCTaJIMYeCKUX Te Tpeyctag 
JiseT coOOH arperaTbl, COCTOAMIMe H3 OTMCJIbHbIX CBASAHHBIX [pyr C Apyrc 
3epeH (KpucTamuToB). MuorouucseHHble HCCeOBaHUA, OOCTOATeIbHbIM KPUT {fh 
yecKHii 0630p KoTopHIx fan M. B. Kaaccen-Hexmtogoson u T. A. Koxtoposci 
(1), MOKa3bIBaIoT, YTO paHHIlbl MEK Ay 3ePHaMM HrpaloT BECbMa CYLLECTBCHHY|A 
pOJIb B IeIOM pxAe MpoleccoB, NPOMCXOAAWMX B MOMKPHCTaJIIMYeCKUX MAT, 
puanax. PaspyieHue MeTaJsIOB HW CIIaBOB IIPH HEKOTOPbIX yCJIOBHAX MpOn} 
XOMMT MO rpaHulaM 3epeH (KpaCHOJIOMKOCTb, KPH); B Apyrux cayuaax (Oom@ 
HH3Kue TeMMepaTypbl, HHbIe YCJIOBHA Harpy KeHHA) rpaHHUbl NpoABMAIOT ceo 
HaoOopoT, KaK HavOoulee MpouHbie MecTa MeTadwia. MexKpHCTaJJIMTHbIe rp 
HMIUbl U3Me€HAIOT ONpeesIeHHbIM OOpa30M XapakTep vlacTHyecKOH JedopMalks 
KpHcTawu0B (7), cCnocoOcTBY!OT Pa3BUTHIO AHPy3HOHHIX MpOMeccoB B MeTAaJJ AS 
yeCKHX crvapax (°), BIMAIOT Ha 3ueKTpHuecKHe cBOlcTBa Ten (*) u T. A. Ide 
S9TOMY CHelMasibHoe H3yyeHHe CTPOCHHA HM CBOHCTB MeXKKPHCTAJIHTHEIX Ppa 
HHI NpHoOperaeT BeCbMa aKTYyaJIbHOe 3HaueHnNe, He 

Muorve HccleqoBaTeH B HAaCTOALee BPeEMA CUHTAIOT, UTO 3ePHa OTJeNeHM 
pyr oT Apyra CBABsbIBAaIOleH HX MeXKKPHCTAaJJIMTHOH MpocsONKonW («nepexose 
HOM 3OHOM»), HMeIONeH MHOTOaTOMHYIO TOJIMMHY HW CTPOeHHe, OTMMUHOE OT CTPOP) 
HHA CaMHX 3epeH (°). 

J|pyraa TouKa 3peHHA COCTONT B TOM, YTO HUKakoro ocoGoro MpoMexkyToy 
HOrO CJIOA MexKy 3epHaMH He CyIWecTByeT, HM PpellleTKH COceqHUX KPHCTAas 
JIMTOB HeMOCpeACTBCHHO IIPHMbIKaIoT Apyr K Apyry, oOpasyaA AByMepHyt, |) 
He TpexMepHylo rpaHully pa3yena (°). 

Takum o6pa30M, HeCMOTpa Ha GosmbI0e UNCO pa6oT (BHINOMHEHHBIX, BIpt 
4YeM, TIOUTH HCKJNOUMTEIbHO Ha MeTadwax), BOINpoc O NpHposwe MEeXKKPHCTaIN') 
HOM CBA3H OCTaeTCA M WO CHX NOP HepaspeuleHHbIM. Takoe mouoxKeHue OObAxt 
HACTCH OTYACTH TEM, UTO BCJIEACTBHE MAO TOJIMMHbI WpocoeK He yaBasoc 
MIPHMeHUTb JIA UX HSYYCHHA MeTOMI PCHTTeHOCTPYKTYpHOrO aHamH3a. Kpon 
TOrO, MaJIO H3YYeHbI Me@XKKPHCTAIIMTHbIe PpaHHbl B HeEMeTAaJIMYeCKUX BELL f 
CTBaX; TIOUTH COBEPUICHHO HeT paOoT, BbINOJIHCHHbIX Ha NpO3spayHbIxX KpUucTad 
wax. Kpaiine HefocTaTouHo HCCeoBasICA B 3TOM HallpaBJeHHM Takxe MHOF¢ 
YHCJICHHBIM KJIaCC BeHeECTB, NOJTYYaeMbIX MYTeM KPHCTaIM3alHu H3 pacTBOpol) 
Mexxly TeM MHOrHe BaxKHbIe CTPOWTeIbHbIe MATePUaJIbI TpelCTAaBAIOT CO6O 
MOJMKPHCTAaJJIbl HMCHHO 9TOTO Bua. 

Mp! cowiM WemecooOpasHbIM MOsSTOMY IIpeAIpMHATD u3syyeHHe MexKKpUCTaJ| 
JIMTHBIX TpaHHll B NOJIMKPUCTaJIMYeCKOM JBYBOAHOM rHunce — BeLlecTBe, yAK 
BJICTBOPAIONEM YKaSaHHBIM BbIIWe TpeCOOBAHHAM HM HMEIONLeEM WHpOKOe mpm 
H€HHe B CTPOHTebHOH mpakTuKe. Matepvasiom Ii uccmelopanua cayxKut 
AOCTATOUHO UMCTHIM MeJIKO3eCPHUCTHIM NpUposHEM runc us [lemenancKoro mectTc 
poxnenusa Apsamacckoh o6sacru. | 

BbuIM BBITOJHEHbI CELYIOUMe OMBITEI. 

1. H3 nowmKpucraMueckux OOpasiloB eCTeCTBeHHO TuNCcOBoro KaMHs Obi 


M3POTOBJICHbI MIOCKOMAapaJIeIbHbIe WHE TOMUHOM oT 0,03 no 0,1 mm. Ve 
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clleMoBaHue TaKUX WWIMOB MPH NOMOLMIM NOApH3alMOHHOrO MUKpocKona ObHa- 
PY2XMBaeT BLOMb Ppa, 3epeH NosocKH wupHHoK 0,002 — 0,01 mM, He u3me- 
HAIOWIMe CBOE OKPAaCKH M OCTAIOMIMeCA TEMHBIMH Ip BPalleHHH CTOMMKa MUKDO- 
ckona. Takve MOOCcKH Ha60MalOTCA B CaMbIX TOHKMX UWIMdax, He nepecraioT 
|ObITb BHAMMbIMM IPH JOObIX HX MOBOPpOTaX M HaKJOHAX HM NOsTOMY He MOryT 
ObITh OObACHEHBI TOMbKO JIMIb KaK Pe3YJIbTaT B3aHMHOFO HaJIOKeHHA KpaeB 
}coceqHUx sepen. Hanmune y3KHxX TeMHBIX NONOCOK yKa3bIBaeT Ha OTCYTCTBHE 
| IPaBHJIbHOrO CTPOCHHA KPHCTAINIMTOB BOIH3H UX pan, T. €., APyrumu cyo0- 
/BaMH,— Ha HaJIMuve B PHNCe OCOOLIX MEXKKPUCTAMVIMTHBIX TMpocoeK. 

_ 2..Ha nopepxuoctu mwmdos, nospepruytpix 15-muHyTHOMy TpaBseHHtO 
8B HCI, nossasiorca xopomo Ha6molaemble Ip KOCOM OCBeLLeHHN HIM mpH no- 
MOLI OHHOKYJIAPHOTO MHKpockKona HersyOokHe 6oposzKH wWHupUHOL Jo 0,01 mm, 
Wylie 10 rpaHullaM 3epeH, YTO YKa3bIBaeT Ha MOBbILICHHY!IO PaCTBOPHMOCTb 
MpocslioeK 10 CpaBHeHH10 Cc 3epHaMu. 

3. Ecam mui norpy3uTb Ha lowuaca B CIUpPTOBbI pacTBOp MeTHIBHOUeTAa 
| HW 3aTeM HEMHOLPO COM MOBAaTh BEPXHAH COM WIM CMbITb JIMIMHIOIO Kpacky cnup- 
TOM, TO BAOJIb TpaHUll 3epeH COoxpaHsAeTcA Ooslee MHTeHCHBHAA HU rulyOoKas 
OKpacKa, OOpa3yAH xapaKTepHylO Ce€TKY Me@XKIPaHYyJAPHbIX TpaHHll. 

4, Ha6moxenue mo, MAKpocKONOM 3a NOBepXHOCTbIO muIMda, HarpeBaemoro 
B CleWMaIbHOW, YCTAHOBJICHHOM Ha MPeAMeTHOM CTOJIMKe JIEKTPHYeCKOH Teun, 
— OOHAPyXKUBaeT MPH NOBHILICHHH TemMnepaTypb! iIMda Zo 80—100° nomyrHenue 
KPUHCTAaJIJIMTOB, HauHHarollleecA, KAK TipaBMJIO, OT HX TpaHUll. OTH OMbITHI Warr 
| OCHOBaHHe MOJlaraTb, YTO Mpolecc AeruApataluu JByBOAHOrO runca HaynHaerca 
pee Bcero B M@XKKPHCTAJVJIMTHBIX TpocsohKax. 

5. IlpH paccmotpeHuv HO MUKpOCKOMOM B OTpaxKeHHOM cCBeTe MOBepx- 
-HocTeH pa3sioMa nowuKpucTasmMYuecKoro rumca OOHapy2XKuBaeTCA, YTO PaspbIB 
| OTIEJIbHBIX 3ePeH MPOMCXOLUT MpPeMMYLIECTBEHHO 0 MIOCKOCTAM HanOoulee co- 
| BepweHHoH cnalHoctu {010}, KoTopbie werko y3HaloTCA lO CBOMCTBeEHHOMY HM 
| OecKy; KpOMe Toro JIA BHIABJICHHA TJIOCKOCTeH Pa3PbIBa MPHMeHAJICA MeTOL 
| @uryp Rapaenua. OfHako BO MHOFHX MECTAX BbIABJIAIOTCA He rlafKue KpuCcTau- 
JimuecKue TpaHH, a IePOXOBaTbI€ MOBEPXHOCTH HeMpaBHJIbHOH (hopMbl, cBuJe- 
TCJIbCTBYIOINHe, MO-BUAHMOMY, O HaIMYMM B 9THX MeCTAX Pa3sPpyICHUA NO rpa- 
HMIaM KPHCTaJlIMUeCKMX 3epeH. 

6. Kycku runcoBoro KaMHA W3MebuaIHCb Pa3sHbIMH ciocoOaMu Ip KOM- 
HaTHOM TemmepaType B MOPOMOK C MaKCHMAJIbHbIM Pa3MePOM OCKOJIKOB, 6J1H3- 
KUM K HavOOJIblIeMy Pa3MePy KPHCTAJIJIMTOB B JaHHOM OOpasue. TuaTejbHbre 
WM MHOFOKpaTHble UCCJICMOBaHHA MOPOUIKa B CKPelCHHbIX HHKOJIAX He OOHapy- 
2%KWJIM HA OMHOFO TaKOFO OCKOJIKa, KOTOPbIM CocTOA Obl H3 ABYX, Tpex Hu Gomee 
3ePeH: BCE OCKOJIKM OKA3bIBaIOTCA OMHOKPHCTANbHBIMH. OTH OMBITHI (TAK Ke Kak 
M OMMCaHHble B I. 5) CBUJeTEbCTBYIOT O MaJIOH NPOUHOCTH MeXKKPHCTAINTHBIX 
TpocloeK B rHulice MO CpaBHeHHIO C MpOUHOCTHIO CaMHX 3epeH. B 9TOM OTHOUIe- 
HMM THMc BeseT CeOA MHaye, 4eM, HAMPHMep, METAaJVIbI, B KOTOPHIX paspyuieHue 
IPH KOMHATHOM TemnepaType MpOuCxOAUT, KaK H3BeCTHO, IyTeM paspbiBa WI 
CKaJIbIBaHHA TO Tey 3epHa. Tor xe CaMbIH pesyJIbTaT Jas aHaorMuHble 
ONBbITbI, MOBTOPeHHbIe C MOPOWKOM rumca, NotyyeHHEIM mpu + 50° u — 20°; 
BbIABUTb B 9THX YCJIOBHAX KakOe-1MO0 BIIMAHHE TeMIepaTypbl Ha MpOuHOCTh 
TpocsovKUH He yRanocb. Bce stu OMbITH! YKa3bIBaIOT Ha CYIIECTBOBaHHe B IIpH- 
POJHOM Tumice OCOObIX, CPABHHTeMbHO CaObIX WH MOPHCTHIX MeXKKPUCTAIATHBIX 
MpOcIOeK, KOTOPble MOryT IIpescTaBAATb COOoH MecTa HeloJHOrO cpacTaHHus 
3ePeH C 3aIIleMJIeHHeM IVIeCHOK BO3Ayxa Mexy HuMH. OcoOeHHOcTH TaKHX TIpo- 
CJIOeK, He€COMHEHHO, BO MHOFOM onpeyesIAIOT MeXaHHuecKy!O TPOU4HOCTb pH- 
POAHOFO THMCOBOrO KaMHA B pasJMUHbIX YCJOBMAX (BaKHOCTH UM Mp.). 

Korja 9Ta paOota Oplia yxKe 3aKOHUeHA, B TeuaTH NOABMJAaCb cTaTba E. E. 
Ceranopol, B. H. U3mattnosoh u Il. A. Pe6unzepa (°), B kKoTOpol ormeyaetca 
3HaueHHe KOHTaKTOB CpaCTaHHA KPHCTAaJJIMKOB pH OOpas0BaHHu mMmpocTpau- 
CTBEHHOH KPHCTAJIM3aNMOHHOM CTpyKTypbl (MopucToro cKesleTa) B Tpowecce 
BbIKPHCTAaJIIM3OBbIBAHHA JBYBOAHOTO rHica W3 MepecbluleHHoro pacTBopa pH 
TBePJCHHH KOHILCHTPHPOBAHHbIX CYCHeH3HHM NOJyBOAHOrO rulica. 
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B cBasu ¢ STAM MpelcTaBsMeTCA MHTepeCHIM M3y4eHHe Tepexoya ycJIOBU 
CpacTaHHA MIpW TreHesuce Bcerla ropa3qo MeHee NopucToro npHposzHoro runca 
M MCKYCCTBeHHOrO THMCOBoro KaMHS. 

B BpilouHeHuM onbIToB yuacTsopam 3. B. Capasosa u H. C. Mronuna. 


Apsamacckuli rocy JapcTBeHHbI 


Tloctynu0 
meflarorwyecKu MHCTHTYT, 27 X 1956 
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PH3HYECKAT XHMH A 


3. B. HEBJIEBA u Tl. A. TECHEP 


OBPASOBAHHE AWETHJIEHA3NPH HENOJIHOM TOPEHHW METAHA 
fi B KHCJIOPOJE 


(ITpedcmaeaeno axademukom H. H. Cemenoeotm 28 II 1957) 


OxHHM 43 HanOoulee atPeKTHBHBIX MeTOAOB HOMYYeHHA alleTHJIeHa H3 npu- 
)OHOrO rasa B HaCTOAUIee BPEMA ABJIAeTCAH OKHCJIMTCIbH‘IM MMPONHS, T. e. 
poliecc HelouHoro ropesua MpHposHoro rasa B kucropoge. Ilo stomy merony 
padoTaiwoT Yy2Ke HeCKOJbKO MPOMbIILJICHHbIX 

VcTaHOBOK (1,”). OWHaKO MexaHH3M OOpa30- odsemn.% 

RAHUA ALeTHJICHA B IJIaMeHH MOUTH COBepIeH- 
10 He u3y4eH. PaOotst Benenzexa u Jlacuio (7) u 
Xuma (*), B KOTOPEIX B TocmeqHee BpeMsa 
DACCMATPHBAJICA 3TOT BOMpoc, cosepxaT 
“HIUKOM MaJIO 9KCICPHMeCHTAJIbHbIX JAHHbIX. 
B Hactosmen pa6oTe u3y4alocb Henol- 
Hoe ropeHue MeTaHa B KHCOpore B IviaMe- 
HH TOpesIKM Tula GYH3eCHOBCKOH, MIA vero 
IpOBOLMICA OTOOp Mpo6 ra3zoB B pa3JIMUHbIX 
roukax muiamMenu. Jia yMeHbILNeHHA HCKaxKe- 
HHA TWlaMeHu pH oTOope npo6 npuMeHAHCh 
pxwlaxkqaeMble BOJOM ra303aO00pHHKH C BHYT- 
DeHHHM JHamMeTpom 0,2—0,3 mm. 

| Vismepenue Temneparypbl OCYILeCTBJIAJIOCE 
PeMA MaTHHO-IlIaTHHOPOAMeBbIMH TepMO- 
apaMu Cc uameTpom mposBosouek 0,04, 0,15 
u 0,5 MM, c TlocwesLyrollel SKcTpanouAuneH K 
HYJIGEBOMY JHamMeTpy. Sa6opHukK HM TepMoriapbl 
e€peMellaJINCb B IlJIaMeHH C MOMOILbIO yCTpoH- 
TBa C MHKPOMeTPHueCKUM BHHTOM C_ TOU- Puccwionnle 

OCTbIO oTCUeTa paccTosHHA B O,O1 MM, 4uTO om, Havana omevema " 
DOeCHeYMBaJIO BOSMOXKHOCTh NOMYYeHHA KPH- 

BbIX PaCIIpeleseHHA COCTaBa M TeMIepaTyPpbI Puc. d 

a30B B 30He TOJMHHOH 2—3 MM. 

Bb MpoOBeeub! OMbITHI C OTKPBHITHIM MH pa3jjeJIeHHbIM MaMeHeM TIP pasJiny- 
HbIX COOTHOIMCHHAX MeTaHa HM KUCOposa B ucXOAHOM CMeCH, a TaKXKe OMBITHI 
€ JOOaBKOH K MeTaHy Mporana. 

Ha puc. | npescTaBueHbl pesyJbTaTbl aHaiu3a NPOAYKTOB ropeHuaA, OTOOpan- 
HbIX MO BeEPTHKaJbHOH OCH TwlaMeHH B paloue BepIWHHbI BHYTpeHHero KoHyca 
IPH ropeHuu cMecH, coflepxKauteli 43,5% O,, 54,8% CH, u 1,7% No» B ropesKe 
> pasjleeHHBbIM IllaMeHeM. Pa3jleleHHe BHYTpeHHeroO HM BHeLIHero KOHyca Ocy- 
IecTBIANOCb IPH MOMOMM KBaplleBoli HacayKu HaMeTpoM 27 MM 4 J\WIMHOH 
(0 mm. Pacxoy roproueli cmecu cocTaBsiad 2,2 1/MUH, IPM STOM BbICOTa BHYTpeH- 
Hero KOHYca cocTaBulasa 12 MM. 

PaccmorpeHie KpHBbIX, IpMBeeHHbIX Ha pHc. 1, MOKa3bIBaeT YTO OoONbINAA 
laCTb MeTaHa MU KHcsopofa BcTyMaeT B peaKUMi0 Ha OYCHb KOPOTKOM yuacTke 
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famenu, oT x = 3,0 no x = 3,5 M (x —paccToxHue MO OCH nlaMeHH)} 
Ha 9ToM y4acrKe oOpa3yloTCA B OCHOBHOM H Bce TIpOfyKTbl peakunu COs; CoH 
CO u H,. B aelictBuTeNbHOCTH 30HAa CropaHHA, MO-BUAHMOMY, elle y2Ke, TaK Kal} 
IIpH BBeeHHH B TaMa TpoOooTOopHuKa HeEMHHYeMO MpOHCXoAMT HeKOTOPO} 
uckaxkeHve (PpouTa ropeHHA. . 


Paccrmonuue om ocuG mm 
-+—>} 


oP) PCE W ZAM 


2h, Od 2022022022022 0 22022022 
I-49 XL=29 L-28 x=J5l2 z 


=§66 x=37 x-409 2-408 x=475 2-485 2=5F mm 
Puc. 2 


AnasOrwuHble pesysbTaTbl MoyyarorcA HW pH ApyromM cocTaBe HCXOHO 
CMecH, pwyeM c yBesM4YeHHeM COsepKaHuA KNCMOpOAa KOHLEHTpauHA alley 
jleHa yMeHbiaetcs. IIpH cxKMraHMH B KHCOpofe CMecH MeTaH—IIponmaH KOE} 
IleHTPalluA alleTuena B MpoAyKTaX TOpeHHA HM BbIXOA alleTueHa B pacueTe HE 
yrsepo BXOAAMero rasa MOBbILMAIOTCA. 

B ombirax c Hepa3jeJIbHbIM NlaMeHeM HaOsiofaeTCA SHadHTeMbHaA Auppy 
3H BHELIHeroO BO3AyXa, KOTOpad, HCKa?KaA pe3yJIbTATHI, MpMBOAMT K MOBbIILE 
f HOMY COJep2KaHHlo B raze a30Ta HU KHC 
c JOoposcosepKalluxX KoMMOHeHTOB. IIc 
2800 STOMY KOHIUeHTpalWA alleTHJIeHa B Hey 
pasJlesIeHHOM TlJlaMeHH HH2Ke, a KOPP 
IeHTpalHA BoOoposa MpoxoAuT yepek 
MaKCHMYM, Tora KaK B pa3jeJleHHo! 
TvlaMeHH HaOJiofaeTCA HelpepbIBHBl 
pocT cofepxaHHa Bofoposa. 

Ha puc. npHBeeubl 2 KpuBble cosefy 
2KaHHA alleTHJIeHa BOAMHHAAWATH ropy 
S3OHTAJIbHBIX Ce4YCHHAX TvlaMeHH (i 
pas JIMUHbIX pacCTOAHHH OT Kpad ropedK! 
(orx = 1,90 yo x = 5,65 mm). B kam 


400 
2000 


1600 | 


ra3a B ATH TouKax. KpuBble puc. 
800 3 ij 5 5 wa  HOKASbIBAIOT, YTO BbILle BEPIIHHb! BHY% 
PURCEAEe Om TE over TpeHHero KOHYyca, KOTOpad HaXxoJNTe: 
B ceueHHH X = 3,7 MM, KOHIeHTpallu 
Puc. 3. / — onbitHaa Kpugan, JJ —Kpupaa,  AUe€THJIeHa Ha OCH MAKCHM@JIbHa, a HP 
paccuHTaHHad MO paBHoBecHiO peakuwH BO- Ke BePIIHHbl — MHHHMaJIbHa. STO OOTe 
AaHoro rasa, /// — Kpwpas, paccuntawHat scHaetcs cbopMoll BHYTpeHHOrO KOHYCé\ 
au ND RET TOBOMY 5 Can aney, B KOTOPOM NO CylecTBY IpoTeKaeT peake 
IMA OOpasoBaHHA alleTHIeHa. 
Ilouly4eHuble SKCMepHMeHTaJbHble pe3sysAbTAaTbI MOKaSbIBaIOT, YTO peakuu | 
HemoJHOrO FOpeHHA MeTaHa B KHCOPOJe, COMPpOBORMaemad 3HAUNTeMbHbIM OC! 
PaSOBaHHEM alleTHJl€Ha, 3aKaHYHBaeTCA B OCHOBHOM B 30He WIMpHHOli B HeECKOJIbKt 
NeCATHIX NONeH MHJIMMeTpa. 
3a sTOM 3OHOli BbILe BeplMHbI BHYTpeHHero KoHyca peak mporekae} 
SHAYHTeJIbHO MejieHHee. Coflepkanve alleTujieHa 3a KUCAOpOAHOM 30HOl HE) 
CKOJIbKO YBCJIMYMBaeTCH JO JOCTHKeHHA MAKCHMYMAa, Haxofsatleroca Ha pact 
ctosHuH 0,3—0,4 MM oT KOHUa KHCOpOsHOH 30HbI. 3aTem coflepKanue alt 
THJleHa HauMHaeT Majlatp. 
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Jlia VSYYeHHA HayaIbHbIX cTaQMi peakIuM OblIM MpoBeseHbI ONbITHI, Np 
OTOPHIX OCYINeECTBAAIOCb ObICTpoe MH OHOBPeMeHHOe ToOJPKuranve MCXOAHOK 
MeCH ra30B lo BceMy ceyenun. JA STorO Ha BbIXOJe H3 ropeIKH MOMelasIca 
pMeUMaJIbHbIM NOJorpeBaTeib H3 CNMpasH, CBHTOM u3 MaTHHOBOM doupru, 
KOTOPaA HarpeBalacb IJIEKTPHYeCKHM TOKOM Jo Temiepatyppl 1100—1200°. 
TH OUbITbI MOKa3ZaIH, ITO BHAYAJIe B KHCJOPOAHOH 30He OOpasyIOTCA TOJbKO 
JO, H,O u COs, o6pa30BaHne Ke alleTuieHa HW STMWIeHa M3 HecropeBUleli 4YacTH 
eTaHa HauvHaeTca Nosquee. Takum o6pa30M MOXKHO CeaTb BbIBOJ, YTO OOpa- 
SOBAHHE alleTHJIeHa MpOHCXOAUT B OCHOBHOM B KOHI€ KHCJIOPOAHOH 30HbI HU 3a- 
KaHUMBaeTCA B HeMOCpeACTBeHHOM OH380CTH NO BbIxXojle 3 Hee. 

Ha puc. 3 npuBeyena KpuBad pacnpesleseuna TeMMepaTypbl BAOb BepTH- 
aIbHOH ocH Muaamenu (/) ua cmecu, cofepxameli 57% CHa, 41,3% O, 

16% Ne B  xkkcnopoquot 
s0He TeMMepaTypa ObicTpo pacrert, 
3aTeM OCTaeTCA MOUTH MOCTOAH- 
ou, paBHO mpuMepHo 1850°. Ha 
oc. 3 TIpHBeJeHbI Tak2%Ke [Be KpH- 
Bble, MIOJIYYeHHbIe pacueToM Cc Hc- 
OJIb3OBaHHeM OMIbITHDIX JaHHbIX 
0 cocTaBy rasa. Kpusaa J] mo- 
1y¥eHa pacueTOM 110 paBHOBecHIo 
A@KTY KOMIOHEHTAMH peakKUHH 
fOaHOoro §=©rasa_=s (TeMilepaTypa 
pUpefesamacb 10 TaOmHWaM m0 

Pco'PH:0_ 
PCO,’ PH, ), 
Kpupan JJ] —no TenmoBomy 
panaHcy Oe3 yy4eTa AHccOWMalMH. 
SHauMTebHOe pacxoxK Jenne 
Mexkiy KpuBpimu J] uJ qua 3uaue- ~2 
mui x <3,7 MM MoKa3sbiBaeT, UTO 
KHCJIOPOAHOH 30HE KOMMOHEHTHI 
+CAKUMH BOAAHOFO rasa He HaXxO- 
isiTcA B paBHoBecuu. 3yecb uger ~%} 
IpeHMyllecTBeHHOe oOOpa3s0BaHHe 
/KHCH yrviepofa HW BOJbI, cofep- 
aHHWe KOTOPbIX 3HaYHTeJIbHO pe- 
bILUaeT paBHOBeC HOE COJep KaHve, 
OOTBeTCTBYyrOlllee HadsIOsaemoli Puc. 4 
iemuepatype. Ojuako Hemocpel- 
TBEHHO 3a 9TOH 30HOM KpuBble // u J CAMBaIOTCA, YTO yKasbIBaeT Ha YCTAHOBJe- 
We paBHOBeCHA peaKUHH BOAAHOTO ra3a B HelocpecTBeHHOM OH30CTH OT 
JMCAOPOAHOM 3OHbI. ITOT pesyJbTaT MOKAa3bIBaeT MPMMeHHMOCTh MeTOsa TepMO- 
HMMYeCKOrO pacueTa Tipollecca COpa3s0BaHHA alleTHJIeHa IPH HeNOJIHOM ropeHHH 
yYueTOM paBHOBeCHA peakKUHH BOAAHOrO rasa (°). 
Jia OUCHKH OTHOCHTebHOH CKOpOCTH OCOpasOBaHHA Pa3JIMUHbIX KOMIOHEH- 


OB peakKUMH Ha OCHOBAHHH MOJILYYeHHbIX IKCIEPHMEHTAJIBbHBIX Pe3YJIbTATOB 


dr 
JIM MOACUMTAHbI 3HAYeHHA TpaHeHTOB KOHIEHTpalluu 7. Ha puc. 4 u306pa- 


/HAYEHHIO OTHOILMeCHHA 


M4 


\ ela | 
0 40 50m 
PaccmosHue om » Havana omcyema” 


KCHbI peSyJIbTaTbl, OTHOCALIMeCA K H83MCHCHHIO KOHUEHTpallMl 10 BepTHKaMbHOn 
M TvwlaMeHu. ITH pe3syMbTATbI MOKa3bIBaIOT, YTO B Haase KMCJOPOAHOM 3OHbI 
HavOosbileH CKOpOCTbIO HeT OOpasoBanve OKHCH yrulepofa HW BOsbI. Obpa- 
DBaHHe alleTHIeHa JOCTHraeT 3aAMeTHOM CKOPOCTH JIMUIb B KOHIle KHCMOpOMHOK 
DHbI H COMpOBOXMaeTcH BospacTaHHeM CKOpOcTH OOpasoBaHHA BOMoposa. 
SToT pesyJbTaT MpPOTHBOPeyHT MeXaHH3MY, MpefyiowkeHHoMy BeneyleKom u 
Aacno (3), 10 KOTOPpOMy alleTHeH OOpasyeTCA pH B3aHMOJeHCTBHH (popMaib- 
erHjia W MeTHsoBoro cuuprTa. Ilo-BuyquMomy, OOpasoBaHHe alleTHJIeHa, COMPOBOK- 
Aiollleeca OOpa3s0BaHHeM BOJoposla, HMeeT UMCTO TepMMYeCKHM MeXaHH3M H 


pe sd 


MpOHCXOMUMT NpH B3aHMOJeMCTBHH MOVJIeKYJI MeTaHa HJIH COOTBETCTBYIOWIMX yrsle 
BOJOPOAHIX pauKaOB pH JOCTHXeHHH JOCTATOUHO BbICOKOM TeMMeparTypbl 3% 
cY¥eT cropaHHua uacTH MeTaHa Jo CO, H2O u CO. IIpasyga, Halo y4anTbIBaTh, 4TK 
pocT CKopocTH oOpa30BaHHA BOJMOPONa B KOHILe KUCMOPOAHOK 30HbI OODACHAeTCS 
TakxKe HW peaklMel BOAAHOrO ra3a, KOTOPAad 3fecb OMKHA HATH B HallpaBJeHHul 
CO + H,O + CO, + Hz. Oguako KoHueHTpauna CO, B NposyKTax ropeHus 
HeECKOJIbKO MeHbile KOHUEHTPallu BOLOpONa, TaK ITO OHA 9Ta PeaKUMA He MOE? 
MIPMBecTH K OOpas0BaHHtO BCero Noyyarwlleroca Boopoa. 


Bcecolo3ublii Hay 4HO-HccleqoBaTesbCKHA Tloctynu.io 
HHCTHTYT MpHpOAHBIX TasoB 30 XII 1956 — 


UMTHPOBAHHAS JIMTEPATYPA 


1H. Sachsse, Chem. Ing. Techn., 26, 245 (1954). * E. Bartholome, Chem 
Ing. Techn., 26, 253 (1954); Tpyabt 4-ro Heptanoro Konrpecca B Pune, 5, 1956. *P. Be 
nedek, A. Laslo, Magyar Kémiai Folydirat, 57, 372 (1951). *H. Kydd, J. Am 
Chem. Soc., 74, 5536 (1952). Il. A. Tecuep, JAH, 95, 1275 (1954); Tp. BHMMU,- B: 
(1954). 
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Joxaann Akagemunu nayrk CCCP 
1957. Tom 115, Ne 3 


PH3HYECKAS XHMU 


WM. HW. MOMCEEB u uaen-Koppecnonyent AH CCCP A. K. CbIPKHH 


O MEXAHH3ME THAPATAUMH OJIE®HHOB B BOJIHbIX PACTBOPAX 
CHJIBHbIX KHCJIOT 


- 


Tuypatauua u3so6ytuuena (1), TpunrenHa, TpuMeTusISTHIeHa, MeTHJICHIMKJIO- 
6yrana (?) B 1—d M pactBopax HNO, moguuHsetcs ypaBHeHu1O MepsBoro M0- 
paqka. Mexyy naOr0fqaemol KOHCTaHTOH cKopocTH peakunu k u cdyHKuuen 
KuMcsIoTHOcTH Tammetta Hy cymlecTByeT 3aBHCHMOCTb 


— pH, = |lgk+ const, (1) 


apwyem Kosdpbunueut p~1 (0,98—1,11). BrinomHenne stToro ypaBHeHHsA Tocwy- 
“XKHJIO OCHOBaHHeM JIA cyleqyroulero MexaHu3ma (1) rua~paTaluu omedpHHos: 


} H 


{| 6bIcTpo t mr 
> C= =< = HOt a a CeaC <| + H,O (paByHoBecue) 


<—-—_—_ 


H 


Me/IJICHHO 


is Oth ite 
[> G ale Cc <| a” — C—C<  (aumutupyiomas. cranua) 
| 
H 


legate 
—C—C<+ 2H,0 = cnupt + H3;0* (papyosecue) 


| 
H 


TensoBol addekT mepBok cTaqMN CKJIaMbIBaeTCA 3 TeNJOT CeLyIOWMx Mpo- 
weccop: a) ecoubBaTalua mpoTtoHa — 260 (3); 6) mpucoezuHeHHe mpoToHa 
-K omedbuHy c O6pa30BaHveM 7-KoMIeKca Q,; B) COUbBaTAalMA OOpasoBaBllerocA 
m-KoMIIeKca Qy;T) pacTBOpeHHe CBA3aHHOH C MPOTOHOM MOVJIeKyJIbI BObI+- 
+10 xkan. [na Bprincnenua Q, B pamKax metoqa MO JIKAO najo 3HaTb BemH- 
4HHY peSOHaHCHOrO HHTerpasia Y CBA38H MexkKy aToMamu C nu HB z-Kommuexce. 

MoxkHo OMeCHHTh 3HaveHHe Y{ MpHeMOM, aHaJIOrMUHbIM NpHMeHeHHOMy Cumo- 
Herta u Yuuctreluom (4). Ja storo paccMOTpHM H3MeHeHHe MHTerpasa Tepe- 
KppiBanua S pu IpHOMxKeHUM MpOTOHA K 7-3JIEKTPOHAaM, KOTOPBIe OMHCbIBaIOT- 
CA UYMCTHIMU Pz-CPYHKUMAMH. 

Tak Kak 3HaueHHa” p2-CPYHKIMM MaKCHMaJIbHbI B HallpaBJIeHHH Z, TO Momy- 
YeHHBIe JIA Kaxkoro paccrosHusa C...H 3sHauenusa S’ u3 Tadmny (°) yMHoxa- 
JMcb Ha cos (0 — yrom Mexly ocbIO Z M TIpaAMol, coeqMHAIOMIel aToMbI C uv 
H). 3Hayuenua S = S’ cos § Bospactaior mo Mepe MpHOuIMxKeHHA MpoToua, 
qocTuraioT MaKCMMawbHoro 3Hayenua 0,35 np Rcn,= 1,13A uw cH xKaloTCA IpH 
JlabHetilem yMeHbIueHHH Rcy, XoTA uHTerpam S’ mposomKaer BOspacTaTb. 
Tina o6pmnot cpasu C —H 7,45 xxan mpu S,;= 0,69(°). Ucnompsya stu 
3Hauenua B (cbopmyse (°) 7 = x [S/(1 + S)]: [S)/(1 + S;)], Haxoqum npu 
S = 0,36 3snHauenne 7 = 29,3 kxa.IIpu 9TOM 3HayeHHH Y H Ip 3HaueHHH pe- 
30HaHCHOrO HHTerpasa m-CcBA3H > C=C < 20 kKKaJl SHEpruad ABYX 2/ICEKTPOHOB B 


o4t 


lone Tpex agep cocraBput 103 kkav. Bemmrpbini 9HEprHa Tp MpPWCcoeAMHeHHHY 
mpoToHa K JBOMHOM cBA8H C OOpasOBaHHeM 7-KOMIIJI€KCa PaBeH 103—40=4 
—63 KKan. STO 3HaueHHe 9HeprHH, BepoxATHO, 3aHHxKeHO. JlombITKa OWeHKU 
BePXHeli TpaHHIb! STO BeMIMHEI B pamKax MeToga MO c yyeToM pasHocTH| 
TOTeCHIMANOB HOHM3ALNN OsecduHa UH BOJOPOLa UPHBOAMT IA usoOyTHMeHAa Ky 
3Hauenuio ~ 145 kKaul. Tenora CouIbBaTaluu m-KOMIIeKCa, OOPpasytoulerocaA U3} 


M300YTHeHa, BEPOATHO, O1H3KAa K TENJOTE COJbBaTalMU KaTHOHa N(CH,)a (t. e4 
-~32 Kxkan (°)), B KOTOPOM MOJOXKHTeEbHO 3aPAXKeCHHBIM ATOM OKPy2KeH FHApO-} 
ibo6upimmu rpynnamu CHs. | 

TIpnOmmxenupre pacueTbt STOM BeMMUMHEI MO pa3JIMuHbIM MeTogam (7,°)} 
IIpPHBOLAT K 3HaueHHsaM oT 20 yo 39 kkan. Takum o6pasom, TenmoBon seks 
neppoli craqun cocrasut:— 80 — 180 + 145 + 39 + 10 = — 66 xkau. Tas 
pelleHuA BOMpoca O TerOBOM ateKTe BTOpOH CTayMH HeEOOXOAMMO 3HaTb TeN-f 
JoTy O6pa3s0BanuA KapOonMeBoro HoHa 3 H380OyTHeHa HM NpoToHa. B pamKax} 
TOFO 2%Ke TIpHOAWKeEHUA MOXKHO MOKa3aTb, YTO KOMIIJIEKC OJe:HHAa C MPOTOHOM, § 
B KOTOPOM IIpOTOH CMeleH K OMHOMY M3 yrJIepOMHbIX aTOMOB cBaA3H >C = C<,} 
BbIFO,Hee CHMMeTPHUHOFO 7-KOMMJIeKca, H IpespaljeHHe BTOporo B MepBbIig 
composoxklaerca BEIUrpbluiem Goee 30 KKan. Ilo TepMoxHMMueCKHM JaHHbIM 
(®-11) renoTa IpHCOeAHHEHHA HECO/JbBaTHPOBaHHOPO NpoTOHa K ras00OpasHoMy| 
H300yTHeHY ¢C OOpasoBaHHeM KapOoHHeBoro MoHa cocTaBssneT 194+2 KKan*.} 
TakuM oO6pa30M, KapOOHHeBbIt HOH OKa3bIBaeTCAH yCTOMYNBee m-KOMIJIeKCa 
W IIpeBpalieHve NepBoro BO BTOPOl COMpoBoxMaeTcA 3aTpaTol ~50 KKa. Oxf 
HaKO JIA BbINOMHeHHA 3aBucHMocTH (+) B TpaKToBKe Tammetta (??) HeOOxXxO,MMOF 
MIpe\NONOx*KUTb, YTO JMMUTHpyer He TepBad craqua, TpeOyiomaa saTparTbih 
66 Kkasl, a BTOpad cTaquAa, UAyulad C BEIeeHHeM Telia. OueBuyHO, YTO TakHe} 
TIpeACTaBJICHHA HeIb3A CUMTATb OOOCHOBaHHLIMH. Ecau axe MpeLMoJ0xKNTB, | 
YTO 3HEPlHA AKTHBALMH NepBOH CTaMu paBHa ee TeMOBOMY adPeKTy, HW yUecTh, 
4YTO SHeEPrHA AKTHBaWMH HanOolee MeJWIeCHHOH BTOpOH cTalqMu ouNKHA 6bITH'! 
XOTA Obl HEMHOPO OO/bUIe SHEPFHH AKTUBALLNUM TepBOM CTaMu, TO MOXKHO BUJET, | 
UTO 9HEPrHA AKTHBAILMM BCeH peaKUHH B WeIOM 61H3Ka K YABOCHHOMY 3HaUeHHIO 
TensoBoro addPekTa nepBoH cTaquu, T. e. —130 KKaJI, UTO HaXOAUTCA B MPOTMBO- 
peu C SKCHepHMeHTaIbHbIM 3HaueHHem AH*= 13—17 xxan (7°) aaa raso-§ 
oOpa3sHbIx oseduHoB. Mcnomb3sya sHaueHue 194 kka isd TenOTH NpHcoequ- 
HeHHA MpOTOHa K raz000pasHOMy U3800yTHJIeHy, JIErKO BUeTb, YTO OOpasoBaHuel 
combBaTHpoBaHHoro (CH,),C* B pacTBope u3 ra3s006pasHoro oueduna u uonas 
OKCOHUA MoTpeOyer 3aTpaTb! 17—20 kkaul, uTO B Npeletax TOYHOCTH OeHKH 
STOH BeJIMYMHbI COBMAaLaeT C SKCHEPHMECHTAJIbHBIM 3HAYeCHHeEM SHEP aKTHBAa- 
WMH peakiuu. Takum o6pa3oM, B CJlyyae H3800yTHJIeHa BO3MO2%KHO MpoTeKaHHe 
peakWHH vepe3 KapOoHneBbIit HOH. OfHako oTCyTcTBHe B3aHMoNpeBpalleHHusAs 
2-MeTHIOyTHJIeHa-2 H 2-mMeTHIOyTHJeHa-1 B yCIOBHAX, Kora Reruypatauual 
He HMeeT MecTa, HCKJIOUAeT MCXAHH3M C yuaCTHeM KapOoHHeBOrO MOHA B KayecTBe} 
MPpOMe7KYTOUHOFO BellecTBa, HaXOMAWerocA B PaBHOBeCHH Cc HcxoZHpIMH (}%).' 
Bmecte c Tem Olu30cTb 3HaveHHi AH* yw AS* yaa Bcex sTHX ONecbuHOB HU HauuHe! 
OHUX MW TeX %Ke 8aKOHOMePHOCTelt B KHHETHKe (1,”) HAaBOMUT Ha MBICJIb, UTO THI! 
paTaluA 2TUX OePHHOB M M300yTHMeHa MpoTeKaeT TO OLHOMY MexaHusMy.' 
TenJoTb! OOpas0BaHHsA KapOOHHEBHIX HOHOB IPH MpHCcoeqMHeHMH MpoToOHa K ra-' 
3000pa3sHOMy OJIepHHY, MOJYYeHHbIe H3 KPYTOBbIX IWMKJIOB, COCTABJIAIOT: Ja! 
C,H;" 149 xxan, (CH,),>CH* 179 kxaa, (CH;);C* 194 xkan. Takum o6pa3om, 
ecIH Obl peakIUMA TpoTeKaJla uepe3s AKTHBHPOBaHHbIii KOMMIeKC — KapOoHHe- 
BbId HOH, TO 9HEPprHH akTHBallWuN H300yTHIeHa HW NponMmeHa OTMMUAINCh Obi 
TIpHMepHO Ha 15 KKaJl, ONbITHAA 2% Pa3HOCTb TeMOT aKTHBAMN CocTaBsAeT 
3,2 KKan (*4). He npeacraBasetca Take BeposTHEIM, uro AH* ana sTHmeHa 
OyfeT Ooubue SHEprH aKTHBALHN H306yTHeHa Ha 45 KKa. YMenbienne pa3- 
HOCTH SKCHe€PHMCHTAJIbHBIX 3HAYeCHHH DIA Oe*PHUHOB HE MOXKET ObITh OODACHEHO 


* Tensorst o6pas0BaHuaA KapOOHHeBLIX HOHOB H3 Ta300OpasHbIX STHVJIeHA, lponwena, H30- 
OyTHeHa H MpOTOHa BEIYHCeHE! H3 TepPMOXHMHMYECKHX WaHHBIX (9-11) yaa WHKaa, BKIOUAIOULerO | 
THIPHPOBaHHe OepHHA HW AerHAPHpoBaHHe Nomyyalolleroca MPH TOM yrvieBoxOpona yepes craquu 
oOpasopaHHA paluKalla MW MOHH3allHH STOO paquKasla c oOpasoBaHieM KapOoHHeBoro HoHAa. 
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Da3HOCTbIO TeMJIOT COubBaTaIMH COOTBETCTBYIOINIMX KapOOHHeBLIX MOHOB™. 
W3aMeTHM TakxKe, 4TO B Culyyae MponmumeHa M@KAY 3HAaveHHeM  TeIVIOTHI 
p6pasoBaHua KapOonHeBoro HOA B pacTBope 43 ras00bpasHoro oecduna u H,O* 

SKCHePHMeHTaJIbHbIM 3HayeHHem AH/* wmeeT MecTO pa3pbIB, IpeBocxo,AMMi 
fOWMOKY B ONpeMeeHHH TenJOTL! OOpas0BaHuA KapOoHMeBoro MOHa, a B Culy- 


hae 9THJIeHa peakIHA Yepes KapOOHueBLI HOH HEBO3MOxKHA. Bowee BepOATHBIM 
M€X@HH3MOM STOH peaKIMH B BOJHbIX paCTBOpax HaM IIpescTaBsIAeTCA MeXaHH3M 
epes mepexofHoe cocTosHue, H306paxKeHHoe cxemol I. B nome mecTu WeHTpoB 
fy onoro KOMIWIe€KCa IBHFaloTCA IWeCTb 3JIEKTPOHOB, 4YTO OOeCHeuMBaeT CHH- 
pKeHHe SHEP aKTHBALMU, STOMY CMOCOOCTBYeT TaKKe NOJOKUTCIbHLIN 3apay 
lia OKCOHHeBOM Kucopore. Mp cunTaem CYyIeCTBCHHbIM, UTO B OJHOM aKTe 3eCb 
COBMELIeHbI «CTaNMH» Nepelaun mpoTtoua or H,O* k MomeKyate oneduHa, o6pa3so- 
#BaHMA aNIKOKCOHMeBOrO HOHa u pereHepaluu H,O*. BosmoxHo TaKxe, 4TO 


CH 
aes ae 
CH, CH he 
0. y 
adhe of 
ae 9 


i HePeXOKHOM KOMIJIeKCe H,O*, onecdbun u Mousekysa H,O pacnosmoxkexbl OTKpbI- 
| roit WeMOuKOH, YTO NPHBOAMT K OOpas0BaHHIO aJIKOKCOHHeBOrO HOHA H BOI. 
'B. YW. Uperxopa (**) ormerusa, Yro KHHETHUeCKHe 3AKOHOMePHOCTH, HaOs1Oae- 
MbIe IPH THApaTalluu B BOAHOAMOKCaHOBBIX pacTBOpax (1°) HM KOHIeCHTPHpOBaH- 
| HBIX PacTBopax KucsoT (+4), He MOTYT ObITL YAOBJETBOPHTeIbHO OObACHEHHI 6e3 
}ydeTa Toro, ¥YTO B TepexoJHbIH KOMIVJIeKC BKJOUeHa MOJIeKya BOZbI. Kpome 
‘TOTO, MOCTAMHMHbIC MCXaHH3MbI TPeOYIOT AOMOMHUTEMbHBIX MOMYINeHUM, He Co- 
| PIACYIOMMXCA C SKCICPHMeHTAaJIbHbIMH JLAaHHbIMH HM TeopeTHueCKHMH JOBOaMH. 
| Tak, HampumMep, 3 MexaHu3ma Tata (*) clefyeT, YTO KOHCTaHTa PpaBHOBecHA 
| MOXKeT ObITb BbIPawKeHa YePe3 OTHOMICHHE KOHCTaHT MIpAMOH uM OOpaTHOH peak- 
| Wuii JIMIb B MOMeHT paBHoBecua, 4TO MpoTHBopeuuT omnbiTy (14). Bmecte c Tem 
| 10 MexanHusmy [[perKosoii (14) numutupyromlel craquel aBsneTCA peakIMa Kap- 
| OoHueBOrO HOHA MM m-KOMIUIeKCa C MOMEKYIOH BOI, YTO TPyAHO MOHSITb 
_B CBeTe HMeIONIMXCH JaHHbIX 06 sHepreTUKe STON peaknuy (*). B KoHeHTpupo- 
| BaHHbIX PaCTBOPaxX KHCJIOT BO3MOXKHO TpesBapuTelbHoe OOpasoBaHHe Mex Ly 
onepuHOM M MoseKysOH KuCHOTH (a He TIpOTOHOM) 7-KOMIIeKca, KOTOppHIli 0 
CTpoeHHto O1M30K K HOHHOK Tape. B cBa3u c oOcyxKMeHHeM MeXaHH3Ma peakUHH 
|B BOJHBIX pacTBOpax KMCJIOT OTMETHM, 4TO 3Ha4ueHHA Hy Ha OTIeCJIbHbIX MHTep- 

Baslax WJIM B WMPOKUX pesesax KOHMeHTpalMh MOryT YOBJICTBOPHTEIbHO Ie- 
| 


peaBaTbex, NOMMMO BbipaKxeHua Hy= — lg (du+ fe/feu+), ApyruMu PyHKUMO- 
 HaJIbHbIMM 3aBHcHMocTsaMmH (1°18). B cBa3u C STHM TpakTOBKa KHHeTHYUeCKHX 
JlaHHbIX CTAHOBHTCA MHOra HeOosHO3HAaYHOM, Kak 3TO OTMeTHMM A. VW. Tenso- 
wire, I. I. Weraosa u M. V1. Temxun (?*) npn u3yueHun pacnaya MypaBbuHou 
KucuoTpl. C. T. Surenuc (7°) cuntaer, uTo 3aBucuMocTs (1) MoxerT coxpaHuTLeA 
MB TOM CJly¥ae, Kora peakIlMio JIMMUTUpyerT cTaquaA B3aHMoelicTBHA SH* 
€ HeliTpasibHOH MoseKysoh (Hanpumep, ctraqua SH* + H,O) npn ycnosuu 
s,0+T suv! Twit = const (Fus— KOSPPUUHEHT AKTHBHOCTH epexOAHOrO COCTO- 
anua M#). 

MoxHO 10Ka3aTb, UTO B 3TOM CuIyuae 3aBHCHMOCTD (1) OyzeT BBINOHATbCA 
Tak2Ke IPH YCJOBHH Gy,0 /s/fy,# = Const “1 Ig (aH,0 Is /Tyy2*) = «1 8H, (Faye — 

0 


* Tlo janHbiM OpankauHa (1°) pasHocTb TemsmoT COpas0BaHuA Tas000pasHbix Brop.-CsH t 
4 Tpet.-CaH{ Cocrapaser 22 kKa,aB BOHOM pactsope 16 kka1.J Ilo dhopmyne Konyzpatesa 
Cokosiopa (8) pa3HOCTb TeNOT COubBaTalHH STHX HOHOB CocTapaseT 4 KKal. C yueTom 


STOH WHppbl W MPHHATHIX 3eCb TelMOT OOpaso0Ba HHA raz00OpasHblX HOHOB pasHHya BAH * nomkua 
cocTaBATb ~ 10 KKaa B pa30aBJIeHHOM BOJHOM PaCTBOPe H BO3PaCTATh, CTPCEMACb K 3HaYeHHIO 
15 kkam, MpH MOBbILIeCHHH KOHUCHTPallHH KHCJIOTHI 


£43 


KOSPPUUHEHT AKTHBHOCTH KOMIWJI€KCa Mg, KoTOppli OTIM4YAeTCA OT AKTHBUPO- ff 


BaHHOTO KOMIIJI€KCa Mi TOJIbKO TEM, UTO HE COJe pK UT TIpoToHa). AuasioruuHc 
MOXET ObITb MO0Ka3aHO, UTO peak, B aKTHBHOM KOMIJI€KCE KOTOPOH yua-} 
CTBY!OT Be MOJIeK y JIbI BOJIbI, NOWYMHACTCA ypaBHEeHHIo k = Rohofs OG? o/ tyes } 

0 Ff 


M* B  9TOM calyyae OTBedaeT crexuometpuyecknit cocras S-2H,O. Jlerkc} 


BUJ[eTb, UTO XapakTep KMHETHYCCKOM 3aBHCMMOCTH COXpaHseTCAH HesaBHCUMC |p 
OT TOTO, MpefilecTByeT JIM COJbBAaTAaHA Wepeyaye MpOTOHAa KOMIMVIeKCy pearH-| 
PYIOMMX MONEKYJ HH, HaOOOpOT, CObBATAILMA CIeMyeT 3a IPpOTOHHPOBaHHeM | 
B 3aBHcHMocTH OT COOTHOWeHHA MexKy KOIpPHUMeCHTAMH AKTHBHOCTeM, BXO-} 
JSMMHMA B ypaBHeHHA JIA KOHCTAHTbI CKOPOCTH peaKUMH, MOPyT BbIMO-f 
HATbCA JIMOO ypaBHeHue (1), sH60 


ko = Ry [H,07], (2)) 


JIH60, HaKOHELl, IIpOMexKYTOUHbIe 3aBHCMMOCTH. 

Ha ocnopanuu 3aBucumocTu (1) umn (2) B OOMleM C.JTyy¥ae MOKHO JIMLIE 
YTBepxKaTb, WTO TepexOAHbI KOMMIeKC COfepxKUT MovIeKyJIy cyOcTpaTa Wy 
IIPOTOH, HO Hewb34 HMYeroO CKa3aTb O HasMUHM pyrux uacrull. Tem Oouee 
H€JIb3A OMpeeUTb, C KaKOM H3 COCTABHBIX YacTeH KOMMJIeKCa CBA3AH NPOTOH § 


Mockosckuit MHCTHTYT Tlocrynu10 


TOHKOH XHMMYeCKCH TeXHOJIOrMH 28 I 1957 
um. M. B. JlomonocoBa 
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@®H3Z3HTECKAH XHMHA 


K. B. HEJIBCOH u H. A. NOAIYBHbIA 


MCCJIEMOBAHHE CTPYKTYPbI MOJIEKYJIAPHbIX WENEM 
OJIHHM30NPEHOB 10 YH®PAKPACHbIM CHEKTPAM NOrJIOWLEHH Ss 


(IIpedcmaereno axademuxom B. A. Kapeunoim 2 IIT 1957) 


B oOmjel mpoOseme CHHTe3a KAYYYKOB C 3afaHHbIMH CBOHCTBAMM CYyUeCTBeH- 
o€ MECTO 3AHHMaeT H3YYeHHE BIMAHHA YCJIOBMM NOMMepH3allun Ha cTpoenue 
IIPOCTpaHCcTBeHHYy!0 KOHUrypallHio0 OCHOBHOTO 3BeHa MOVJICKYJIAPHIX lene. 
3 HacTosmelH padore MeTOJOM UH@pakpacHblx CNEKTPOB H3yY4aslacb MHKPOCTPyK- 
rypa pxyla momMMsonperospix kKayyyKos. Vccnefopanucb noMM30rpeHbl, 
IONYYCHHBIE KaTaJIMTMYeCKOK NoWwHMepH3saunen (CKV), npu6muxKatommeca m0 
NCHOBHbIM (PH3HKO-MeXaHHYeCKMM CBOHCTBAM K HaTypaJIbHOMy Kayuyyky ('), 
i SMYJIbCHOHHEIe MomMH30NpeHb! (COM), nomyueHHpre nomwuMepusaluel nox 
JMAHMeEM CBOOOJHHIX payuKaoB (7). 

IIpu nowmmepH3alun w30mpeHa BO3MOXKHO OOpas0BaHHe YeTHIPeX Pa3HbIX 
OTPYKTYP 3BCHbeB MAKPOMOWJeCKYJI, OTMH4AIOMWIMXCA KaK TO MOJIOKeHHIO TBOMHOK 
BASH OTHOCHTeIbHO OCHOBHOM Wen, Tak HM NO MpocTpaHcTBeHHOH KOH(purypa- 
HH aTOMOB OTHOCHTeIbHOH WBowHOKM cBa3H: 1,2; 3,4; uuc-1,4 u Tpauc-1,4. 
KosmmuecTBeHHoe onpeyesenuve coflepxKaHuA B NMOMMMepHOH Wenu KaxKoH u3 
Ka3aHHbIX CTPYKTYP, COBOKYMHOCTb KOTOPHIX Ha3bIBalOT MHKPOCTPyKTypoLi 
iOJIMMepa, IIPpOH3BOAHIOCb 10 CHeEKTPaM NOrOMleHHA B HH*pakpacHol oOacTu 
(800 cm™+—1000 cm™) MeTofom, omucaHHbiM paHee (°). 

B xkauecTBe 9TaIOHHBIX BeIIIe€CTB HMCIOIb3OBaJIMCb: HaTypaJIbHbIM KayudykK 
(domoca 841 cm) u rytranepya (mosoca 845 cm “), AIA oNpezemeHusaA cofep- 
KaHuA B TOWHMepHow wenu wHe-1,4- u Tpanc-1,4-Kkondurypaunh, renten-1 
(nonoca 909 cm) u 2,3,3-Tpumetun6yTeH-1 (nomoca 887 cm‘). 

Muxpoctpyxtypa KayyyKa CKM uccanefoBanach Ha pate oOpasioB, novly- 
YeHHBIX pH ompeqeteHHow Temmepatype nomumMepu3aunn. 1a sMysbCHOHHOTO 
nomuusonpena COM usyyanocb BAMAHMHe TemMepaTypbl NowHMepusaunu (Th) 
Ha MUKPOCTPYKTYpy; B CBA3H C STHM HCCeLOBaIMCb OOpaslbl STOFO NouMMepa, 
NOJIyYYeHHbIe MpH TemmepaTypax or —47° mo -+50° (cm. Ta6n. 1). 

V3 qanuprx Tab. | cmemyeT, BO-MepBbIX, ITO BCe HCCeOBAaHHBIe HaMH OO- 
pasiinl KayyyKa CKM xapakTepu3yioTcaA BbICOKHM cOsepxKaHHem wWuc-1,4-KoH- 
cburypauuiu, ocruraiomum 75% or oOmero uncsa 1,4-3BeHbeB MOJICKYJIAPHBIX 
wene. [Ipupeyenupie aHHbie MOKasbIBalOoT KpoMe Toro, 4YTO HasMuNe HeOOUIb- 
IMX GOKOBbIX OTBETBJICHHH B STOM TOHMepe OOYCJIOBJICHO B OCHOBHOM IIpHcoe- 
IMHeHHAMM B TomOKeHuM 3,4 (H30NPONeHHJIbHbIe TPyNbl); YHCO 3BeHbEB, 
MocTpoeHHEIX B 1,2-m002%KeHUM, B 9TOM TomMMepe Maso (1—1,5%). 

IlomyueHHble HaMH pe3YIbTaTbI HCCIEQOBAHUA CTPyKTYPbl IMYJIbCHOHHBIX 
H30IIPeCHOBbIX KAYUYKOB, CHHTC3HPOBaHHbIX IPH pa3sJIM4YHbIX TeMMepaTypax, 
CBHJIETEIbCTBYIOT, UTO TeMMepaTypa MOJMMepHsalMH OKa3bIBaeT H3BeECTHOe 
BIIMAHHe Ha MUKPOCTPYyKTypy 9THX NomHMepoB. Tak, B Kay4yKax, NOMYYeCHHbIX 
IpH Temuepatypax or —47° fo 0°, 3neHba 1,4 MoMeKYAAPHOM Wen MOCTpoeHbl 
MOJIHOCTbIO B TPaHC-MOJIOXKeHUN; JaIbHeliwee MOBbILIeEHHeE TeMMepaTypbI TNOJIH- 
MepH3alHWH MpPHBOLUT K TMOABJIeEHMIO HeKOTOpOrO KOvIMYeCTBa IWHC-1,4-3BeHbeB, 
MOHOTOHHO BO3pacTatollero C YBeIMUeHHeM TeMMepaTyPbI MOMMMepusalluN Hu Jo- 
suraiomero 8% mp TemnepaType mporecca +50°. IIpx stom Bo BceMm uccJe- 
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JIOBAHHOM HMHTepBasle TemMnepaTyp NOJMMepHsallMH COJepRKaHHe 3BeHbeB 1,0) 
u 3,4 B MOMMMepHbIX WeMAX COXPaHAeT WPakTHYeCKH NOCTOAHHOS 3HayeHHe. 
Ha ocHOBaHHH MpHBefseHHbIxX B TaO. 1 faHHbIX MO MHKPOCTpyKTyp 
OOpasiloB IMYJIbCHOHHOTO H30NpeHOBOrO Kay4yKa, MOJYYeHHbIX TPH pasvay 
HBIX TeMMepaTypax, UcnOvIbsya ypaBHeHuad AppeHuyca—Oupunra (*), Mi 
MOMYUMJIM OOUlee aHaJIMTHYeCKOe BbIPaxKeHHe, KOTOPOe TO3BOHeT TIPOHSBey 
CTH pacueT OTHOCHTeCJIbHOrO COfepxKaHHA COOTBETCTBYIONIUX 9JIEMCHTOB MHK PO} 
CTPYKTYPbl WIA MNOObIX TeMMepaTyp NOMMepHsallun. 
B paccmarpuBaemomM cu1yuae ypaBHenue Appenuyca — OipuHnra JA yqeube 
HbIX CKOPOCTeH OOpa30BaHHA COOTBETCTBYIOULMX KOMMOHEHT MHKPOCTPyKTYPF 
3allMlleTcaA B BHJe: 


Koa gree [et] exe [Fr ( 
Kaa = Mie? [ge] ex? [—Fr" ( 
Kane = 5? [ge]? [— er" oe 
Ka Sex [oe™ bag Pee nal 


cTrosHHax I]ianKa. 
K; C; ip 
YUHTHIBAA, 4TO XG ee K; 4 Kj KOHCTaHTbI CKOpOcTH peakHHH 

j j 


a C; u C; KOHUeHTpauHu COOTBeETCTBYIONIMX KOH(urypaluli), nosy 4M: 


8 = Oe lz (AS), AS) jen 4 (AP ae | 
Cate p R 3,4 1.2) + RT | 1 tee sa) : (5 
GC = 

ose [ie (ASu— AS.2) + pp (AH ~ AAy) |; (6 
Ge lz (AS Mc1NG 72) ie SU py NEON | 
Cie R p Le hia Raagere =e 2)| (7| 


: ee i 
Broa o6osHauenna: AS; — AS; = Sj, AH;— AH; =*H;, saerko nosnyunm 
oOilee BhiparxKeHHe JIA KOHNEHTPallMl WOObIX KOMNOHEHTOB MHKPOCTPyKTYPE 
B 3aBHCHMOCTH OT TeMMepaTypbI NOTMMepH3salHu: 


C= 100[1+ 5 iva Wee : 
= ex 3 ee 
a P ( R RT )| (8 
OnpeyeseHHble HaMH H3 9KCHePHMeHTaJIbHBIX J.aHHbIX (H3 rpaduké 

i i 

In GC, =f (Tn)—7Ta6a. 1) pasHocTH SHTpONMH H TeIMOTI AKTHBAWLMH HMerO’ 


CAEMYIOULHE SHaAYeCHHA: 


AH; — AHy = — 5000 Co, AS; — AS, = — 11,0 sutp. eg. [= i, 


MOJIb MOJIb-rpayy 


K 
AH, — AR, = — 400 =, AS, — AS, . = 3,6 sup. en,; 


AH, —AHs4 = — 600 —", AS, — AS, = 3,6 9uTp. en.; 


MOJIb 


AH, ,4—AHii» = = 150 —— ’ AS. 4— NSys = 4,6 SHTp. ene . 


MOI 


Takum o6pa3om, B paccMaTpuBaeMOM HHTepBase TeMilepatyp nosMMepusa 
uuu (ot —47 go +50°) oOpasoBaHHe, Tpanc-Koudurypaluli \sHepreruyecki 
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pee BLITOAHO, 4eM Iuc-KoNdurypawuh. Uro kacaerca pocta wenu B nom0Ke- 
uw 1,4 no cpaBHennio c 1,2 npucoenHHeHHAMM, TO 3HaYeHUA TENAOTH MU SHTPO- 
MM AKTHBALM OaronmpnATCTBYyIOT OOpas0BaHHio OCHOBHOM Weno4kH C BHYTpeH- 
MMM JBOMHbIMH CBA3aqMu C = C. 
| Becbma cyulecTBeHHoli xapakTepvHcTHKOM CTpyKTypbl nomMMepHo menu 
TOUKH 3PeCHHA e€€ PeryJIAPHOCTH ABJIAeTCA THM coelMHeHHA 3BeHbeB 1,4 nO 
{pusHaky «roJIOBa K XBOCTY» HJM «romoBa K rosoBe», CnekTpocKkomuyecKue 
AHHBIC NO OTHOCHTEJIbHOMY COepxKaHHIO B MakpoMouekyuie 1,2- u 3,4-Komno- 
HCHTOB MUKPOCTPYKTYPbI NO3BOJIHJIM BbIACHHTb S9TOT BOMpoc AIA UuCce,OBaH- 
ibIX HAMM M3OMPeHOBbIX Kayu4yKos. IIpu sTOM Oblio clemaHo ecTecTBeHHoe Jony- 
WeHHe, UTO IPH NPHCOeHHeEHHH MOHOMEPHBIX 3BeHbEB B NosoxwKenuu 1,4 packppl- 
Me «XBOCTOBbIX» (MexKy 3-M MH 4-M YIVJIepOMIbIMH AaTOMAMH) WIM «roJIOBHBIX» 
Mexkly 1-M 4 2-M aTOMaMi) JBOHHbIX CBA3eH OCYIIecTBIAeTCA C TaKOli xe BEpoO- 
THOCTbIO, KaK HM B Tporecce pocta, COmpoBoxaronlemca O6pas0BaHHem 6oKo- 
BIX rpynn. CnesopaTesbHO, lO OTHOCHTeEIbHOMY cofepxKanuto 1,2- uw 3,4-npu- 
HoemuHeHUi MOxKHO CYAUTb O PeryJAPHOCTH MOJICKYJIAPHBIX Wenel c TOUKH 3pe- 
has MOCTpOeHHA HX MO THNY «rojloBa K XBOCTY» H «rojloBa K TouOBe». 

Kak culelyeT H3 SKCICPHMeHTAJIbHBIX Pe3yJbTATOB, IPMBeeHHBIX B Tabs. 1, 
Homepxanue 1,2- u 3,4-npucoeqHHeHHH B 9MYJIbCHOHHBIX H30NpeHOBbIX Kayyy- 
KaX OKA3aJlOCb IIPHMeEPHO OMMHAKOBBIM, a B KayuyKax CK, coorpercrBenuo, 
.% u 6%. Oto NPUBOAHT kK 3aKsIOUeHHIO, YTO B TO BPeMA Kak MOWJeKYJAPHBIE 
HeNM SMYJIbCHOHHBIX MOJIMU3O0NPeHOB COCTOAT U3 OecnopAMOUHO YepeRyIOMUxcA 
;pauc-1,4-3BeHbeB PaBHOBePOATHO COeCAMHEHHHIX B MOJIOXKCHHAX «FOOBa K XBO- 


Taoauna if 


MuxpoctpyktTypa noumusonpenos CKM u COM pasnpix Tunop npucoexMHeHnA 


1 ay } am = J as } = 2 
| 4 & o. 12 3,4 | uuc-1,4 Pics oo é e 11 3,4 | uuc-i,4 trae 
Eis | oo | S's ee 
lee elas IpOWmweuTros | Sle ee SE aS NnpoueHTos 
CKM | 4) — 4 6 65 28 Cou | — | —47 8 6 0 86 
BA <= 1,95 6 64,5 | 28 — }|—39 8 +) 0 87 
3/ — 2 6 66 26 — | —25 7 4 0 89 
4 | — 1 6 70 PR —{+ 5 a 5) 4 87 
3) |) a= ih 8) 60° 1965 Pat —}-+30 7 5 5 83 
6); — 2 0,0 | 66 PAD) —|+40 7 5 6 82 
7|/— 1 7 68 24 —| +50 7 5 8 80 
8 | — 4 6 70 Ze 


CTY» H «rOJIOBa K rouJIOBe», MaKpOMosIeKyJIbI KayuyKa CK mpeycrapsaior coboK 
IMIPCHMYWIeCTBCHHO peryJAPHbIe WEMOUKH, COCTOALIMe B OCHOBHOM H3 3BeHbeB 


t uc-1,4, CoeMMHeHHBIX B MOO*KeHHM «rosloBa K xBocTy». IlocmeqHee OOycJ10B- 


linpaer crocoOHOcTh U30NpeHOBbIX KayyyKoB CKM k KpucTasuMsaluu pu pac- 


AMCHHH. 
Tloctynusio 
30 I 1957 
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PUBHYECKAT XHMHAM 


P. M. MEPCKAS u H. A. 3AM JJEHMAH 
O DKHJIKOCTHbIX JA®OY3HOHHBIX IJIEKTPOAX 
(ITpedcmaeneno axademuxom A. H. ®pymnunoim 11 IT 1957) 


TipumMenenve xKHAKOCTHBIX JHppy3SHOHHBIX SJIEKTPOJOB NePCHeKTHBHO Jt 
CO3aHHA XHMHYCCKHX HCTOYHHKOB TOKAa HM IPOBeeCHHA HEMPePbIBHEIX MPOMMec iit 
cos aeKTpomusa (1°). C Wembio BLIACHEHHA OCHOBHEIX 3A4KOHOMepHOCcTel padorije 
TAKUX 9JIEKTPOAOB HaMH ObWIO MpeAIPHHATO TeOpeTMYeCKOe HM SKCIEPHMECHTAIES 
HO€ HCCIEMOBaHHe HeKOTOPbIX BOMPOCOB HX M@KPOKHHETHKH, OMpewemnemole 
paciipeyleeHHeM IJIOTHOCTH ToKa B nopax. B ormmune oT mpoOsem, paccMoTperly 
HbIX paHee (4-7), mpoOeMa paciipeyeseHHuA TOKa B 2%KMAKOCTHOM JuddysHoHHO} 
9JIEKTPOe BO BC€X IIpaKTH¥YeCKH MIPHMeHUMBIX CITyyanx Tpe6yeT, BO-IepBbIX{e 
yueTa KOHCYHOM TOJIMMHbI 9JIEKTPOfa UH, BO-BTOPbIX, yUeTa H3MCHCHUMA KOHILCELP 
Tpalu pearupyroulux BelleCTB MO Tome JIeKTpOya. B HacToAueM coobniE 
HMM PaCCMaTPUBAaIOTCA TOJIbKO TJIOCKHe MeTamIMuecKHe JuUdpy3HOHHbIe JJIeKil 
TPOMbI C PaBHOMePHOM NOpucTocTHIO (3/IeKTPHYeCKOe COMPOTHBMeHHe MeTAaJIIE 
MolaraeTCA PpaBHbIM HYJIIO 110 CPaBHeHHIO C COMPOTHBJICHHEM 2JICKTPOJINTAa B TIC): 
pax). | 1 

OcHoBHoe ypaBHeHHe pacnpefeeHua TOKa [WIA TaKUX JJIEKTPOJOB uMeew 
BHA, 
=o = pRsi (2, 0), (1) 


rye © — NOMAPH3alHA JeKTPOJa B TOUKAX, OTCTOAIMMX Ha paccTosHue x Oo} 
ero rpaHHbl (3feCb HB JaIbHeHMIeM X OTCUNTHIBACTCA B HAallpaBJICHHH MpOTOKé 
9JIEKTPOMTA OT THIJIbBHOH K NOJAPH3yeMOM CTOPOHEe JeKTPOa); p — mepumery} 
Op, MOCTOAHHBIM B JKO6OM ceyeHun x = const; R;— NOroHHOe COMPOTHBJEHH'! 
3ICKTPOJIMTAa B Topax, T. e. ConpoTuBsenve Ha | CM TOJULMHbI 9IeKTposa; i —fl 
MCTHHHAA IJIOTHOCTh TOKa Ha MOBEPXHOCTH MOP B TOUKE X; C — KOHIeHTPalHs} 
AKTHBHOFO BelIeCTBa B TOUKE X. . 

B mpakTHueCKH BaoKHbIX CyYaAX IKHAKUX OKHCJIMTebHO-BOCCTAHOBUTEMb 
HbIX CHCTeM Ha Judxpy3HOHHOM 3JJIeEKTPONe NOAAPUSalMOHHaA XapakTepHCTHKéh 
SMeKTpPOMa OMpelesAeTCA TONbKO KOHILCHTPallHOHHbIMH M3Me€HEHHAMH 10 TOU 
IMHe SIeKTpOAa § H AKTHBAWMOHHOM NomApHsanuel y. Takum o6pa3om, mor} 
HOCTb TOKa B TOUKE X MOET OBIT MpescTaBseHa B BUTE 


; : vas ale Ge Gx a) Po i 
‘= neary [oan (98) Song], a 
B fo) i 


0 7 0\1—% /,0\% : S e f 

FRE! [6(Cs) (co) =Jo—TOK OOMeHa VIA JaHHOH 9seKTpo_HOH peak UHu| 
B TOUKe x =0; 9p =&-+ y— noMApusaluA seKTpOfa B TOUKe Xx. 
Burpaxkad KOHIECHTPalu BOCCTAHOBHTeJIA HW OKMCIHTeIA B TOUKe x (cX ucx)} 


yepe3 KO ;ci =e —! co = 
p : HUeCHTpauwHu B MCXOHOM PacTBope. CES O18 /1,, cy = cone 
+J/,c8/Ij,, THe Wpeqenbuble aHoquili (Iga) H KaTOAHBIit (lax) TOKH 3aBH-} 


CAT OT CKOpoctH NpoToKa («pacxojay) Q, KOHWeHTpauH c? wu seKTpOxHMH-| 
WecKOrO SKBUBaeHTa (9) pearMpyloulero BemjectBa: J, = OQ/au l= 
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c3Q/39u U3 (2), H yUATHIBan, YTO, CormacHoO 3aKOHy Oma, ja aneKTponuta 
4 


| : 1d 
; mlopax In= p\idx = ante MOJIyYaeM OCHOBHOE ypaBHeHHe pacnpeje- 
3 
0 


H eCHHA TOKaA B IVIOCKOM 2KUTKOCTHOM auppy3HoHHOM SHEKTPOTe: 

a > = it dg aon an f 1 do — (1—a) onF 

a pRs jo[(1 Role Te )eXP ( RT ) (1+ Fa a Fe) exp ( RT J} 
(3) 


B KauecTBe rpaHHUHEIX YCJIOBHH Jua SJIEKTpOa TOMEI L MOxHO 


firme J = 1,2, —cyMMapupilii ToK, TeKy- 
MMU Yepes 3IeKTPOL. 

Bmecto (4) uHorga yyo6Hee mpu- 
iHATD yCIOBUA 


Plrao = Fo Plrp =P: (5) 


ie BEJMUMHbI THOJIAPH3SauuuH Ha o6eux 
| MOBEPXHOCTAX 9IeCKTDONa OU P ser- 
‘KO WOWNAaIOTCH IKCHEPHMeCHTaJIbBHOMY 
/ ONpeyeveHHI0. 

| [pu mamprx J, Korqa MoxHO IIpH- a . 
im ; Puc. 14. Cxema U3MepHTeJIbHOH AYCHKH. 
Jape SXP MGR IRE) beeen tl | RT i1—anbby3zuonmpili smexTpog, 2, 3— Ka- 
im exp [—(l—«) pnF/RT] =1— nussappl, Benyme K Hg/HgsSO4-2u1eK Tpo- 
—(l—a)onF / RT, pemenne ypaBHenuaA yam; 4 — Pt-anextpoacpasnenua, 5—Bcno- 
(3) c rpannunpimu ycuoBuamu (4) qaer MoraTesbHbli 91eKTPOA ANA MosApHsallny, 
| 6 — Bxoy aiekTpomuta; 7 —BbIXO! 9/1eK- 
| BOSMO*KHOCTb BbIYMCJINTb HauaJIbHOE T0- : 


Tpowuta 
| JISAPH3a“MOHHOe COMpOTHBVIeHHe 9VIeK- as 
| Tpoya 
| _. (de in Mebe 
Rp = lim (F>) = lim(47) 
- I>0 GI Jay I-0 dl 
Tlomyuaem 
purges desea pe Leite R,RT 
ike 2nF laa I ix VY 2nk Vga oe Pj nk 
“ (x of pj2 4 “46 4 2 pR, gis (6) 
alae eee 
4 Iga L ox RT 
Hpu Q—-00 Iga UW lax, + 0O MW CPaKTOP, ONPeLeNAOWHH KOHIEHTPalHOHHY10 
1 f 
NOJAPH3auHio MO TOJMLMHE BeKTpOfa, — -+ ->Q, Torya 
nF \ Tae La 
R,cth (aL) 
Rp > ———__ (7) 


a 


rye a =Y pR,jonF / RT, T. €. Rp oOMpesesAeTcH TOMbKO aKTHBAILMOHHOTI 
NOvJIApHsallnen. : 

JIA MpOBepKM OCHOBHBIX SaKOHOMepHOcTeH, BbITeKaIONIMX 3 ypaBHeHuli 
(3) 4 (6), OblM SKCNepHMeHTaIbHO HCCJeAOBaHbI 3aBMCHMOCTH BOJIbT-aMMep HbIX 
XapaKkTepHCTHK OT paCXOJla M KOHIHTPpaWMH AKTHBHBIX BellecTB JIA OKUCIU- 
T@JIbHO-BOCCTAHOBHTebHBIX cucTeM Fe?*/Fe#" uw Ce3"/Ce** B 1 N H.SOa npn 25°. 
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Jludbysvuonnpit snekrpo — nopucTbli AucK TosMHOIO | MM — MSPOTOE|ity 
ANCA W3 aTHHOBOrO MoOpolKa MeTasmoKepamuyeckum cnoco6om. V3meprpiy 
TesibHad suelika (puc. 1) Spa BbIMomHeHa us oprcteKia. M3smepenne NodApER 
3allHH TIpOH3BOMMOCb KOMIMeHCaMOHHbIM MeTOOM c TOUHOCTHIO + 0,1 MB. 


t) 


G 200 400 600 a) 


Puc. 2 Puc. 3 


4) 

Puc. 2. Kpuppie P =f (/) gna pagunix Q upu cf ~c) =0,005 N (Fe?+/Fe+ B 1N H,SO4) 0) 

I— Q=5, 2— Q=8,8; 8— Q=20; 4— Q = 30; 5 — Q= 60 ma/mun; J, — TeopeTHuecKHchs 
3HaYeHHA TIpeMeMbHOFO TOKA JIA COOTBETCTBYIOWIMX PacXOOB 


Puce. 3. 3anucumocth P ot Q mpu J =const AA ABYX pasJIMYHbIX KOHIeHTpalAi (Cy > Cy) .B 
Cuctema Fe?+/Fe8+ B 1 N HsSOg i 


Tlonrspusaiuad u3Mepssacb Cc O6eHX CTOPOH SeKTpOa — Ha BbIXOJe SeKT-E 
pouMTa HB 9eKTpOAa («poHTambHaA NoApHsaltuAa» P) u Ha BxXofe JeKTPOMTAaR 
B SJeKTPON ((THIbHaA NOWApHsalluA» ). Benwunna P onpefemamacb c 10-f 

MOULbIO JBYX 9JIEKTpOJOB cpaBHeHHaA} 


00 (Hg/Hg2.SO4 B 1 N H,SOs), Kanu-'§ 
JIAPbl KOTOPbIX BBOJMJINCb B AUeHKY B! 

‘ Toukax au b (puc. 1). “aT 
PaccrosHua 1, u ly ObImH TOUHO! 

ie H3MePeHbl, YTO WaBaIO BOSMOXKHOCTb 


BBIDHCJIATb HMOMNpaBKY Ha OMHYeCKOe) 


Ps llajleHve MOTeHL Mana BHe JUppy3Hou- f 
Horo suekTpoya Ag. =[(°,—9?,) 4 
: —(—9—%)] li /le, THe 9,9, —0= 
U 700 200 300 m{ + TeHUMAJIbI TOJAPH3OBaHHOTO. Wud- 
Y 


(py3HOHHOTO) = 93uIeKTPOa cooTsBeT- | 
Puc. 4. Sapucumocth P u @ ot J. Pt-anex- ©CTBEHHO OTHOCHTECJIBHO I-ro u 2-ro | 
Tpoy (1 cm?) B pactpope Fe?*/Fe®+ (100,005 N 93JIEKTPOOB CpaBHeHHs; ef, oo — IOs 
B41 N HySOq); Q = 2,3 Ma/MuH TeHUM abl [Uppy 3HoHHoro s1eKTposa 
6e3 TOKA OTHOCHTeJIbHO TeX «Ke 
QJIEKTPOAOB cpaBHeHun. J\Id UsMepeHHA ©) B KavecTBe SyIeKTpO_a cpaBHe- 
HHA C/YKHJI PaBHOBECHbIM OKHCJMTeIbHO-BOCCTAHOBHTeJbHbIM aIeEKTPOL — 
Pt-miacTHHKa B HCXOAHOM pacTBope 3ueKTpOmUTa. 

B pe3yibTaTe H3MepeHHH 6bIIO yCTaHOBVIeHO: 

1. OKHCIMTebHO-BOCCTAHOBHTeIbHBIE peakUHH Ha ucbysHoHHOM 3u1eK- 
TpOfe CONPOBOARMaloTCA APKO BbIPaKeHHbIM IpeeJIbHbIM TOKOM (puc. 2). 

2. Beamunua mpejetbHoro ToKa J/g coorgercrByer nomHoMy (100%) Boccta- 
HOBJICHHIO OKHCJICHHOM (POPMbI WIM OKHCCHHIO BOCCTaHOBJIeHHOH (popMut, T. e. 
TIpAMO MpOMOPUMOHAbHa pacxOAy HU KOHILCHTPpallHH aKTHBHOTO BellecTBa: 
Iq = FceQ, rae F — nocrosnuag @apajea B COOTBeETCTBYIONLUX eMHHIAX. 

3. Yuacrkw MOJApH3alMOHHbIX KPHBbIX B OGMacTH TOKOB | <0,5/4 HMe- 
10T IIPAMOJIMHEHHBIM XapakTep, MPHUeM JHHeHOCTh COXpaHAeTcA VIA BeH- 
YHH NOWiPH3auMH, SHAYHTeIbHO TpeBblilaroulux 2RT /F = 51,2 mp npn 25°. 
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4. HakJion sMHeHOH vacTH noapHsalHoHHOl KpuBol Rp = P/I 3apu- 
MT OT PpaCxOJla MH KOHWEHTPalHH aKkTHBHOrO BellecTBa (puc. 2 u 3). Tipu 
OCTOAHHOH KOHUCHTpaluu c yBeMueHHemM Q = HaKJIOH KPMBbIX CTpemuTcA 
'tpegety, KOTOpbIM AOCTHTaeTcH NpH onpeyevieHHOM — «IIpeseJbHOM» — pac- 
one Qn. Benwunna Qy focTuraeTca TeM paHbie, 4eM Goubile KOHUeHTpa- 
Asi AKTHBHOFO BellecTBa. 
| 5. Kpupad ThWIbHOH NouApHsanun %) = f (J) noBropser xapakrep KpuBoli 
PPOHTaibHOM NoApHsaunn (puc. 4), npuyem ¢,< P. IIpu yMenbmenuu cu Q 
pas IMUe MeKy % H P yMeHbluaeTcs, a (pOHTabHaH MNOTHOCTb TOKA iz, 
ePKO BbIUHCIAeMad H3 y = Y—é, yBeJIMUMBAaeTCA, T. e. MpOMCXOAUT Mepepac- 
pefleJieHHe MJIOTHOCTH TOKa BHYTPM IIeKTpOa. ITO MOXHO OObACHHTb OOpa- 
jOBaHvieM (B pe3yJIbTaTe MpOTeKaHHA BHYTPH MOp seKTPOAHO peakIMH HM BOS- 
KK HOBeHH rpaj\HeHTa KOHIeHTpalu) KOpOTKOSaMKHYTOFO KOHUeHTpallvoH- 
Hioro asemeura, y KoTOporo HallpaBsleHHe TOKa pa3spaqa B MopaX copmajaerT 
}{ HalpaBsieHveM ToKa Nosspusauun. Tipu yMenbiennu cu Q Ha tbponTanbHoK 
OBeEpXHOCTH %KHAKocTHOrO AudpysHouHoro seKTpoga (x = L) u3 nmoTHOCTH 
rOKa BHeINIHeH NOMAPWsSaWHH BbIUMTaeTCH, A Ha TbIIbHOM MOBepXHOCTH 93/1eKT- 
noma (x = 0) npHOaBaseTca Bce BoO3pacTatollai MMOTHOCTh TOKa CamMopaspsaya 
PTOrO KOHICHTpallMOHHOrO SJleMeHTa. IIpu sTOM, pasyMeetcs, OOllad HCTHHHAA 
JIOTHOCTb TOKa BCe BpeMA YOBJIeTBOPAeT BO BCeEX TOUKAX OCHOBHOMY ypaBHe- 
HHO paciipefeseHua ToKa (3). 

6. [pu Oonbuiom yBernuennu cM Q BemHUMHa IpesesbHOro TOKa CTaHOBUTCA 
MeHbille TeopeTHYeCKOH. OTH OOMACTH MbI B HACTOALIEM COOOMIeHHH He paccmarT- 
DHBaeM. 

TlosyuenHble SKCHepHMeHTabHble JlaHHble MO 3aBHCHMOCTH BOJIbT-aMmep- 
HbIX XapaKTePHCTHK JJEKTPOJOB OT pacXOJOB H KOHWeHTpalult KavecTBeHHO 
% KOJIMYeCTBEHHO COrslacyIOTCH C BbIBOJMaMH, BbITeKAaIOIuMH us dopmya (6) 
(7). 

| Vs usno*enHoro Bblllle cleflyeT, uTO n3sMepeHHe (Rp)npex AA PaCTBOPOB 
Pa3JIMUHbIX BeWLECTB Ha OAHOM HM TOM Ke YIeKTPOJe NOSBOJIAeT ONPeMeMATb OTHO- 
(CHTeJIbHble BEJIMYMHbI TOKOB OOMeHa. Bcuuly NpAMOJHHeHHOCTH OombUIMxX y4a- 
CTKOB BOJIbT-AMMepHbIX XapaKTepHCTHK JIA STOFO AOCTaTOUHO 3aMepHTb OHY 
rouky P = f(/) Aaa focTraTouHo Oombilloro pacxoja. 

B 3aks104eHHe NOuJb3yeMCA CTy4YaeM BbLIPAsuTb OnarofapHocTb A. H. Ppym- 
Kkuny u H. C. JIuqopenko 3a MOMOMlb HW PAA COBeETOB MPH BbIMOHeHHA 93TOL 
ipadoryl. 


TocyapcTBeHHbIM COIOSHbIM HaVYHO-HCCIeAOBaTebCKHH Tloctynuno 
QJIEMCHTO-3JIEKTPOYTOIbHbIM =HMHCTHTYT ay JOE We syy 


I 
i 
| 
' 
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PH3HYECKAA XHMHj 


E. H. MOKPOBCKMM u M. B. BOJIBKEHUITEMH 


HCCJIEJOBAHHE W30TAKTHYECKOLO NMOJIMMPONMIEHA METOJON | 
MH®PAKPACHbIX CNEKTPOB 


(1pedcmaeneno axademuxom A. B. Tonuueeom 13 II 1957) 


O6paslibI H3OTAKTHYECKOTO TOJIMNPONMNeHa, NOYYeHHDIC pas MYHbIMA ME 
TowaMu, W3y4aIMCb B Bue WeHOK TommMMHOI 0,2 mM. ILienku u3sroToBIAIMCyh 
NYTeM IaBJeHHA NOMMepa HW MpeccOBaHHA pacmiaBa MexKy AByMA nwlacTH 
KaMH W3 KaMeHHOK coun. MadpakpacHble CMeKTPbI NOPOWeHHA H3MePpsAJIHCb Hye 
cnexTpomerpe MKC-11 c npusmamu us NaCl u LiF 8 o6actu 700—3000 cm 1p 
CneKTpbl H3MepAJIHCb lO TOUKAM, a Takxe C oOMOMIpIO camonucia SIIII-OS# 
Jina v3zMepeHuit IpH pa3IHYHBIX TeMMepaTypax (B HHTepBane 20—200°) Oni 
TIPHMeHeH 9JIEKTPHUeCKHH OOorpes. 


700 600 500 1000 100 = 1200 41300 1400 1500 cia 


yp —> 


Ss ; : : 
Puc. 1. Mndpaxpacuplli cnekTp noraoulenua Nomunponunena: [— u30TakTHyecKHli NOAM NponHse |i 
mp 20°, 2— nsorakTayeckuii momMnponuaeH npu 170°, 3 — pakuus, usBneyeHHaa scbupon 


B cnekTpax Bcex OOpa3l0OB H30TAKTHYECKOLO NOJMMPONHeHa ObWIH HalieHEs 
clemyrouve Nosochl Mormomenua: 720, 730, 790, 810, 839, 894, 935, 969, 992 1F 
~1050, 1108, 1170, 1376, 1460,~2850, 2875, 2924 u 2957 cm. Cnexrp mpuBe ft 
eH Ha puc. 1. B o6macru 830—1000 em™ cnextp cospnagaet c nomyuenHpmm Har 
Ta M COaBTOpaMH (*) (9TH aBTOPbI IPMBOAAT CHEKTP TOKO B YKa3aHHOL OOnacTH) |p 
3a MCKJIIOUCHHeM O4eHb CaOOH Nosochl 935 cm +, KOTOPy!0 MbI Ha6sIONau Ht 
y Bcex oOpasuos. Hanmune cumbupix nomoc 894 cm? nu 992 cm! xapaxrepuc} 
WIA KPHCTaJJIMYeCKOrO H3OTAKTHYECKOrO NONMMepa: y (paki, U3BIeUeHHOIA 
3PUPOM, STH NOJIOChI ABIAIOTCA OUCH CaObIMH (cM. puc. 1). Mbt uccneqoBamnif 
KPUCTAIMYHOCTh H3OTAKTHYECKOLO NOMMPONWIe€Ha METOXOM, ONMCAaHHBIM B pa 
6orax (?*). IIpH narpeBaHnu nomuMepa Jo Temnepatypp 140—150° sBosHuKaro:! 
H3MeHeCHHA B CII€KTpe, BbIpaKatiouMecsh B OcableHHu Momoc 810, 839, 894k 
992 cm *. OTH NOMOChI MpakTHueCKH UCUesaIOT IpH TemMMepaType ~170°, npu Kol 
TOpoll 3akaHuMBaeTca MlaBsenue nomMMepa. Hatra yKaspiBaeT, uTO Ty, 230} 
TaKTHYeCKOrO NHOMMMponMeHa paBHa 160—170° (°). Ouepuquo, aro Ha3BaHHBIe) 
HOMOCbI MOryT PaCCMaTPHBaTLCA KaK <IOJIOChI KPHCTANMMYHOCTHy; OHH XapaKt 
TepHbI JIA HanOoulee ycTOWYHBOrO MOBOpOTHOrO M30Mepa, peasmusyromlerocs |} 
B KpHcTase. CreKTp paciaBeHHOro NOvIMMepa IpHBeseH Takxe Ha puc. 1} 
a KPHBaA 3aBHCMMOCTH IIPOMycKaHuA B MaKCHMyMe Toocbt 992 cm or Temne} 
paTypbl — Ha pwc. 2. Ora KpuBaad uMeeT S-oOpasHyio dopmy, o6biuHyIo Ash 
MMaBICHHA KPHCTAaIMMYeCKHX NOMMepos (7 *). Mbt BAAMM, 4YTO To STON KpUBOr} 
MOXKET ObITb ONpeweteHa TeMMepaTypa MWaBseHHA TMowMMepa. I 
502 


CrefleHb KPHCTAaIMMYHOCTH ONpeyeiAach MyTeM ucceloBaHuA Temmepa- 
-ypHOM 3aBMCHMOCTH MHTeHCMBHOCTH MosmocEl 790 cm !. MutrencuBuoctTb 3Toit 
MOMOCbI CHJIbHO BO3pacTaeT IPH W1aBeHHH NomuMepa. C pyro cropount, ata 
omoca IpucyTCTByeT B CHeKTpe pakIlMu MOMMNponMena, U3BIeUeHHON scu- 
oM. CnekTp sToH cppakItHH TIpakTHuecKH COBMasaeT CO CeKTPOM pacmaBseH- 
Horo H30TaKTHYeCKOrO NOMMMepa, 3a HCKJIIO- 

HCHHeM HCOOIbUIMX pasmMuMii B o6macTH 8% 

00—850 cm! (cm. puc. 1). Moxno ornectu 7% 

nonocy 790 cm* Kk amopdHomy movumepy. 
LoepxKaHue amMopduou uacTH omuMepa on- 
DeeIANIOCh IYTeM CpaBHeHHA oONnTHYeCKOH 
MIOTHOCTH B MakcHMyMe nosocnr 790 cm! 
1pH KOMHATHOM TemiepaType u onTHyecKoi 
JOTHOCTH TipH TemmepaType Bbmme Thy. 
TeMCHb KPHCTAaIIMYHOCTH Haxokusacb NO 
asHocTH (7). J\na Tpex uccmeqoBaHHbIx 
pOpasioB Oblwiu HalieHbl 3HaveHHA cTeneHH 2 ; 
<pucTasmMunoctu ~75, ~90 u~l00%. He- 100 200 ¢ 
OXOJMMO OTMETHTb, YTO STH ONpeseeHHA He Puc. 2. 3asncumocTs mponycKkanua 
peTeHAyioT Ha OOJIbITyIO KOMMUeCTBeEHHY!IO = MOuOcbI 992 cm~! u30TaKTHYecKOro Mo- 
rOUHOCTh, TaK KaK OHM MIpOM3sBO,MIuCch 0 SDR tae ee ee 
qudbepenitwanbHOH MHTeHCHBHOCTH. OjHaKo 

MOXKHO YTBEPRMaTb, YTO CTeMeCHb KPHCTAMMYHOCTH HWCCJIeCAOBaHHbIX OOPasiloB 
seCbMa BbICOKa. 

ABTOpbl BbIpaxkaroT OlaroqapHoctp B. A. Kpexuemo, H. HW. Huxonaesy 
JI. M. Pomanopy 3a mpefocTaBleHue JIA HCCIEOBaHHA MOMYYeHHbIX HM 
N6pasiloB H3O0TAKTHYeCKOrO NOJHNpomMena. 
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VWUucrutyT BbICOKOMOMeKYJApHbIX CoeHHeHHA Tloctynus1o 
Axajemuu Hayk CCCP 6 II 1957 
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oU3HYECKAT XUMH AM 


Axanemuk AH KasCCP J. B. COKOJIbCKHMAM u C. T. BESBEPXOBA 


3ABMCHMOCTb KATAJIMTHYECKOM AKTMBHOCTH CKEJIETHOFO |f 
HHKEJIA OT YCJIOBHM AKTHBALMH BOJOPOJA 


KatasuTwueckue CBOMCTBA CKeeTHOrO HUKeJIA OOYCJIOBIMBAaIOTCA HaJM-| 
4MeM B HeM COpOMpoBaHHoro BosOposa. M3mMenenue KOJIMYUECTBA, a TAKE COCTOH- 
HUA STOO BOLOposa BuleueT 3a COO M3MeHeHHe AKTMBHOCTH KOHTakTa (*).) 

[lenbio HacToamel pa6oTb ObiIO MCCMeEAOBaHNe BJIMAHHA NpeABapHTeIbHOrCcH 
o6e3BOLOPpOKUBAHMA CKEMETHOFO HUKEeMeBOTO KaTaH3aTOpa Ha CKOPOCTb rHApH-| 
poBaHHA Ha HeM JMMeTHMSTHHUMKapOnHONa B pa3mMuHbIx cpefqax (0,1 Ma 
NaOH, sona, 96% sTunoBbIii cnMpT) M IpH pasiMUHDIx Temnepatypax (20, 4C 
u 60°) 4 

Karaausatop (1,55 r), upnroropneHHplit BpmjenayuBanuem 31% HuKeJIb-iE 
aJIOMMHHEBOLO CIlaBa, TIATeIbHO MPOMbITHIM 6e3 TocTyMa Bo3Lyxa, NOMeMLad-e 
ca B yTKy c 30 Ma paOouero pacTBopa, re ToHacblilasica BOAOPOJOM B TeUeHHE 
] vaca Ip BCTPAXHBaHHH JIA MOCTHXKeHNA CTaHJapTHoro cocTosHHA. Ha of: 
HOH H TOH %e HaBeCKe KaTaJIM3aTOPa NPOBOLMMOCh MOCMeLOBaTeIbHO 10 TpY 
OnbiTa: 


Ta6aumaw 


Buvanve MpesBaputenbHOrO O6e3BOROpORKUBAHHA CKe/IeTHOrO HHKemeBOrO KaTaJMsaTopa Hé|6 
erO aKTHBHOCTb B PHJIpHpOBaHHH JHMeTHJISTHHHKapOuHOwa (KOMYeCTBO KaTamusaTopa 1,00 T ft 
KOJIMYCCTBO JMMeETHISTHHHIKApOHHONa 0,2 ma (0,1722 r)) 


O Sh Oo Sf 
° ° an & «Sy 1 ° ° KX a i 1 
a|'f3 | eze| 2) 2) 8 |e || 65 lee) 4 | Sues 
Dl SSaalNeceal Stew tae rulie ples (Sos 4s Seale aaa 
ai al ere t= Se Be lems) Sebel Feist “uly 222) Soe 
E| S| Bes ge | e8 | &| g8| 238 se | 88 

© a ae = Q 

0,144 NaOH Boga 
DON a1 os 9,6 
20) 46] 46 | 26,0] 9:6] 46,4] 63 || 4o| 23 | 48 27,5 
20} 85} 80 9/3 40} 46 | 40 | 35,0 | 27.5 | 7,5| 24 
40} 23 | 23 24,0 aan ghee 
40| 46] 46 | 32,0] 20,0] 41,0] 34 || col 23 | 23 a3 i 
40| 94] 79 22/0 60| 46 | 26 | 53,0] 50,0} 3,0] 64 
60} 23} 22 34,0 COBO a Bds0 | 
60} 46.| 34 |36,0)) 34:0:| 2,0] 15,5 
60] 404 | 84 36.0 

96% OTHUAOBHH cuupT 
Bona 
20] 23 | 23 21,0 on i 17,6 72,7 
20} 46 | 44 | 31,5 | 20:0 | 10,5 | 33 Cea eaves Ae 
20 | i | oe alee sive 20} 64 | 5470 71.6 
ING) 


, 
o/At u Avo’/At makcvmampubie CKOPOCTH Pe€aKWHH, COOTBETCTBEHHO JIA CBEXKeTO 
06e3B0 J0po2xeHHOro KaTasIu3aTopa. 
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1. Onpefetinach akTHBHOCT CBexKeMPHroTOBeHHOrO OOpasiia yTem ruy- 
popanua 0,2 Mi QuMeTuaTHHHIKapOuHONa. IIpu stom H3MepsAJICA. OObeM 
TYNMBUeErO B PpeaKUHIO BOAOPOa HW OMHOBPeMeHHO perucTpupoBamoc, u3Me- 
He NOTeCHWMasla KaTalM3aTOpa OTHOCHTeIbHO OOpaTUMOro BOLOpoAHOrO 9sueK- 
ola. 

2. Ilo okonuaHuM peak BOLOpOA U3 raz0Boit cbasbl yTKH yJananca TOKOM 
oTa 6€3 BCTpAXMBaHHA. B yTKy BBOAMOCh pacCUMTaHHOe KOIMY4eCTBO JUMeTHI- 
MHMJIKapOHHOa, KOTOPbIi Np BCTPAXMBaHMU B TeyeHHe 30 muH. (?*?) cHumasn 
KaTaJIM3aTOpa ONpeeeHHOe, 3apaHee 3afaHHoOe KOMMYeCTBO COp6uPoBaHHoro 
Jopona. SaTem, mocme cMeHbI paGouero pacTBopa M MIpOMbIBKH, KaTalu3aTop 
CbIIIavICA BOWOPOAOM M3 TasOBOH dasbl WO npekpalleHua normomenua raza 
MOCTHXKCHUA 3HaYeCHHA OOPaTUMOrO BOAOPOAHOrO MOTeHWMaa. 


- 


MAL MUH MS1/MUH 


[_ of off xi °1| a 40 


30 


20 


80 L/ 


120 


uc. 1. Bauauue npeqpapuTembHoro o6e3BOOpORKUBAHHA CKEETHOTO HUKeIA Ha CFO AaKTHBHOCTb 

peakWHH THAPHpoBaHHA AHMeTHISTHHHAKAapOuHONAa B WeOUHOH cpeye: 1 — ruqpHpopaHHe Ha 

#BEXKEMPHTOTORJIEHHOM KaTasusatope; 1] — rupHpopanHue Ha KaTasMsaTope nocie yavieHua 

3 Ma Cop6upoBaHHoro Boxopona; //] — ruypuposanue nocae cHaTHA Cc HUKeIA 46 Ma BOZOpora, 

V — ruypupopanne nocyle CHATHA C KaTamM3aTOpa BCerO PeaKI[MOHHOCHOCOOHOFO 10 OTHOLICHHIO 
K JHMeTHISTHHHIKapOuHOy Bosopoza 


3. Tugpupopanuem 0,2 Mia MMeTHISTHHMIKapOuHOIa Ha HacCbIIleHHOM 
OMOPOAOM KaTasIM3aTOPe ONpeeNANOCh U3MeCHEHHe €rO AKTHBHOCTH B Pe3yJIb- 
aTe OOe3BOJOpOKUBAaHHA. 

O6pasubl KaTamusaTopa LWIA KaxKOW Cpefbl HW KaxK MOH TemmepaTypbl NosBep- 
aJIMCb TOCICOBATeIbHO BO3PAacTaIOLIeMy OOe3BOROPORKUBaHHIO, KOTOPOe Co- 
TaBIANO: 23 MI BOMOpofa Aa KaTanu3atopa I, 46m Bomopoga AIA KaTasmH3a- 
opa II. C xatanusatopa III cHumasica Becb peaKIMOHHOCHOCOOHBIN B JaHHbIx 
CNOBUAX BOLOPO, KOMMYECTBO KOTOPOTO OFpesleAIOCb Ha OCHOBAHHH KHHETH- 
eCCKHUX KPUBBIX THAPHPOBaHUA UMETHJISTHHUIKApOMHONa B aTMOCcepe as0Ta 
3a cCueT COPO6NpoBaHHOorO Boopora (?). 

PesybTaTHI ONbITOB 10 FHAPHpOBaHHIO AMMeTHJISTHHUIKApOMHONa Ha 06e3- 
300 PO2XKEHHOM CKeJIeCTHOM HUKese NPHBeseHE! B Tab. | w Ha puc. | AA WeNOU- 
ioll CpeMbI, COOTBETCTBEHHO, pH Temmepatypax 20, 40 u 60°. Kunernueckne 
‘(PHBbIE B BEPXHEH MOMOBUHE rpasuKOB NPeMCTAaBJIAIOT CKOPOCTb FHAPUpoBanus 
),2 Mul alleTHJICHOBOrO CHUPTa, HHIKHHE KPHBHIe NOKAa3bIBalOT H3MeHeHHe TOTeH- 
[Mala KaTasM3aTopa B xofe peakuni. AnanorMyunple KPHBbIe Ob MOyYeHbh 
IA ONbITOB B BOAHOM HM CNHPTOBOH cpefax. 

Us puc. 1 wu ra6a. 1 Bu_HO, 4TO B 3aBHCHMOCTH OT Cpebl HW TemMepaTypEr 
IpeBapHTeMbHOe YAaseHve C NOBEPXHOCTH KaTaM3saTOPa YACTH MIM BCero COp- 


g* DOD) 


6upoBaHHoro BOAOposa Mo-pasHOMy BuMAeT Ha KaTaIMTMYCCKY!IO AKTHBHOCTH 
HUKeIA. OcoOeHHO GOoubUIMe U3MeHeHHA CKOPOCTH peakUMH BCMeACTBHe OOe>s| 
BOJOPOKUBAHUA HMCIOT MeCTO IPM THAPHPOBaHUM B WleNOUHOK cpewe IPH HUcE 
KUX TeMnepaTypax. Tak, mp 20° cHATHe C MOBepXHOCTH KaTaJIM3aTOpa 23 Mit 
BOJOPOMa BIZBIBACT YMCHbUIeHHe ero aKTHBHOCTH Ha 63%, c yBeMYeHHeM TEN 
nepatypb! To 40° cHwxKeHHe CKOPOCTH peaKIIMM B pesyJIbTaTe yWaJleHuA 23 Mit 
Boopoya coctapmaer 34%, a pu 60° B aTHX xe YCMOBHAX OO€3BOLOPOXKUBAHH|E 
MOUTH He CKa3bIBaeTCA Ha padoTe KOHTAKTA. 

B BoqHou cpele CKeeTHBIM HUKesIb OKa3bIBaeTCA MeHee UYBCTBHTCJIbHBI ff 
K O6e3BoL0poxuBaHM. IIpu 20° cKopocTh ragpupoBanua 0,2 Ma DHMeTHISTYE 
HUIKapOMHOa Wocle CHATHA C MOoBepxHocTH 23 MJ BOMOpOa YMeHbIUaeTC} 
Ha 33%, npu 40°— Ha 21%, a npu 60°— Ha 6%. VnTepecHo oTMeTHTb, UT} 
mlocmesyrollee YBeHUeHHe CTeMeHH OOe3BOAOPOXKUBAHHA B IleIOUH HU BOE MaJER) 
HeHWlero H3MCHCHUA AKTHBHOCTU KaTaIM3aTOpa Ke HE BbI3bIBAaeT. . 

B cnupropoii cpese yHamenue c MOBepXHOCTH BCerO peaKIMOHHO-CHOCOOHOr jf 
10 OTHOWICHMIO K AUMETHJISTHHMIKapOHHOJy BOLOposa COBepuIeHHO He BJIMAE 
Ha CKOpocTb Ipollecca rHApHpoBaHHAaA. | 

Tlonyyenupie pesymbtTaTsl MOryT ObITh OObACHeHbI pa3zJIMYHOM CKOPOCTHIE 
aKTHBALlMH BOMOpOMa Ha OGe3BOLOpOXKeHHOM KaTasM3aTOpe B 3aBHCHMOCTH Off 
cpelbl M Temnepatyppl. B wresouHow cpefe, re BOAOpO OYeHb MPOUHO CBASA ’ 
C HOBEP XHOCTHIO, BOZOOHOBJIEHHE ero HET C GOJIbUIMM TPYOM H MaJIO CKOPOCTHECF 
4TO HaXOJMT CBOe BbIPAKeHHe B CHHYKCHHM CKOPOCTH peakuuN Ha 63%, HECMOTIh 
pA Ha TO, YTO IPH HaCbINeHHM KaTalM3aTOpa M3 ra30Bol (asbl KOIMUCCTBO TIC} 
TepAHHOrO BOMOposa NOMHOCTHIO TormomjaeTca. B BoHOM cpeze AKTHBALIH ff 
BOOpoya UfeT OpicTpee u erue, NOsTOMYy Mpotlecc O6e3BOAOPORUBAHHA BIMACK 
Ha CKOPOCTb B MeHbueli crenenu. B cnupTopoli cpelle, re cBA3b BOMOpOa c MIC/r 
BEPXHOCTbIO KaTasIM3aTOpa He3HaUTebHa, JIerKOe BOSOOHOBJCHHE AKTHBUPCH 
BaHHOrO BOJopoya OOecneuuBaeT ycTOHYHBOe paOouee COCTOAHHe CKeJIeTHOr A 
HUKeJIA. 7 

Tak Kak yBeIM4eHHe TeMnepaTypbl ONbITa OarOMpHATHO CKa3bIBaeTCA H 
Mmpouecce akTHBaHH BOZOpoma, OOe3BOMOpoxUBaHHe pu 40 u 60° cymlecTBer 


HO He CHHKaeT CKOPOCTH peaKkIHH. | 


Kas3axckuli rocy2apcTBenublli yHHBepcuTet Ilocrynuio 
um. C. M. Kuposa 18 Il 1957 
Asma-Ata 


UHTHPOBAHHAA JIMNTEPATYPA 


: 1 JI. X. ®@pefzanuu, H. W. 3umMuHoBa, Has. AH CCCP, OXH, 1951, 145. 
AB. C.0K © Here Kane T, BesBpepxosa, JAH, 94. 493 (1954). 
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Jloknayn Akagemuu nayKk CCCP 
1957. Tom 115, Ni 3 


PHSHYECKAA XHMHA 


B. T. XOMAKOB, C. C. KPYPJIMKOB 


M WieH-KoppecnoHyent AH cece | H. A. H3PAPbILIEB | 


3JIEKTPOXHMHYECKOE OKMCJIEHME §-MMKOJIMHA 


B pxye paOoT moKa3aHO, YTO IMKOJIMHbI JICrKO OKHCJIAIOTCA 3JIEKTPOXHMH- 
WeCKM C OOPa30BaHHeM COOTBETCTBYIOMNX abderufos (7,2) H NMHpHAMHKapOoHoO- 
BbIX KuCIOT (+ 4), a TaK2XKe MpOAYKTOB OKHCMeCHHA MMPHAMHOBOrO KoOsbIla (?). 
MTepaType, OMHAKO, OTCYTCTBYIOT MaHHble O BIMAHHM COCTaBa SJICKTPOJIMTA 
1 pe2%KMMa JJIEKTPOJIH3a Ha BbIXO] OTACMbHbIX MpOsyKToB. B HacTosuleM coo6- 
MeHHM U3JlaraloTca pesyJIbTaTbl uC- 

MeOBAaHHA Tpowecca 2IeKTPpOXHMH- To 
MeCKOrO OKHCJICHHA B-NMKOJIMHA. 60 
Mcxoguplit B-1MKOJIMH M3BUeKaJICA 
13 BOJHOTO pacTBOpa IIMKOJMHOBOM 


‘pyHOpacTBOpHMOM KOMIIeKCHOH 
omu CuSO,-5H,O-C,H,N (°), KoTo- 
bad 3aTeM pa3viaralacb eKUM HaT- 0 d 
pom. JlanbHetimiaa ouucTKa $-IIMKO- 100 200 400 ‘fo 


Q ———— 


‘KUBaHHA NaBasla mpokyKtT ~ 99% Puc. 1. Bananue IIPOMYULEHHOTO Yepe3 SEKTPO- 
AMCTOTHI. JIMT KOJIMUCCTBA SJIEKTPHYECTBA Ha BbIXO HA KO- 
TipeqpapurembHBIMH OUbITaMU ObI- THHOBOM KHCJIOTbI 10 ToKy (/) u mo BeulecTBy (2) 
Mo vcTaHOBseHO, UTO B-NHKOJIMH MO- 
bKeT CbITb OKMCJIEH 3JIEKTPOXHMMUECKH TOJIbBKO B KHCJIONW cpeye Ha aHOMax M3 la- 
(MHbI WM CBHHILa, IpesBapHTebHO NOKpbITOrO cyIoem AByoKHcu. Ha cBuHOBOM 
aHoWe mpotlecc OKNCIeHHA B-NMKOJMHAa MpoTekasl CO 3HaYHTeIbHO OObILIMM 
BBIXOJOM M10 TOKY, 4M Ha IIaTHHOBOM; OSTOMY aJIbHeHIIMe ONbITHI NPOBOIH- 
WIMCb TOJIbKO CO CBHHILOBbIM aHOJIOM B IJIEKTPOH3epe C NOPHCTOH Kepamuyeckol 
Muadparmol. B aHofHoe l1pocTpaHcTBo emMKocTbIO ~50 cm® BBosMsICaA B-TMKO- 
IMH B C€PHOKHCOTHOM pacTBope. CBHHIOBbIM KaTOX MoMellaica BHYTPH Jua- 
PparmeHHoro cTakaHa, cOJepxKaBilero pasOaBJIEHHbIN PacTBOp cepHOH KUCJO- 
tbl. [lopepXHOCTb aHofa Opiia paBHa 2 ym?. Ilo okonYaHHH SueEKTPONH3a AHOMUT 
OTPUJIbTPOBbIBAJICA OT IWvwlaMa, HelTpaMs0BaJICA COMO, 3aTeM MOAKUCIAICA 
KcycHol KucnoToH fo pH 4—4,5 u HarpeBasica Ha KUNA BOAAHOM Sane. 
K ropsuemy pacTBopy oOaBsAuicA CysbcaT WIM alleTaT Me, puMuemM Harpe- ~ 
BaHHe Ha Gane NpOMOMKaOCh elle HECKOJIbKO UacoB. BpmaBliHi B OCaOK HUKO- 
WHAT Me OTPUJIbTPOBbIBAJICA HM BBICYIIMBAaJICA. 
- Visyyanocb BIMAHHe KOJIMUeCTBA 9SJIEKTPHYeCTBa, MpOMyuleHHorO Yepes 
9JICKTPOJMT, IJIOTHOCTH TOKa, TeMIe€paTyPbI, MoOaBOK COeH NOMMBAaJeHTHBIX 
metasiosp (Mn u Cr), KOHIeHTpalluv P-NMKOJIMHa WM CepHOM KHCJIOTHI Ha BbIxXOL 
HHKOTHHOBOM KUCJIOTLI NO TOKY MH HO BemlecTBy. B OTeIbHbIX ONbITax olpeye- 
IAJICA TakxKe OOM pacxoOA TOKa Ha OKHCJIeHHe OPraHHyeCKUX BelecTB NyTeM 
CpaBHeHHA OObeMOB KMCMOpPOa, BbIJeMBLUIMXCA 3a OMMHAKOBHIC MpOMeKYTKH 
BPeCMeHH B Ta30BOM KYJIOMeTPe HM B 2JIeEKTPOJIM3epe, COMepxalllem CepHOKUCJOT- 
HbIi pacTBop 8-nMKONMHA. ComocTaBJIeHHe Pe3yJbTATOB STHX OTbITOB C BbIXOaMu 
HMKOTHHOBOL KHCJIOTHI, MOJIyYYeHHBIMM B TeX 2e YCJIOBHAX, aeT BO3MOXKHOCT 
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ONpeeMHTb CKOPOCTh MOGOUHDIX MPOWeCCOB _OKHCeHHA, MPOTeKalOulux Hy 
aHojle. 1 
Ha puc. | noka3saHo BIMAHMe KOMMUECTBA 3/IeEKTPHNeCTBA Q, mponyme in 
HOFO Uepes SIEKTPOMMT*, Ha BbIXOJ| HAKOTHHOBOM KHCJIOTbI 10 TOKY HW MO Bees 
cTBy. ONBITH IpOBOAMINCb B CeAYIOWAX yCIOBUAX: TeMnepaTypa 40”, aHonna'y 
nmoruocTs ToKa 10 a/im2; anomut — pactsop | M/a 8-nuKxomnna, B 7 N cepHom 
Kucnote. Kak culekyer 3 KPMBbIX, HHKOTHHOBaA KUCIOTa, COpasOBaBllanc jp 


Ta6aumame 


BplxX0 2 HHKOTHHOBOM KUCJIOTHI (B MpOWeHTaxyit 
(konneHTpauna B-nuKomuHa 1 M/a, Ji 
BbIxol HAKOTHHOBOM KHCJOTHI (B MpOueHTaXx) - Temnepatypa 40°, N0THOCTb ToKa 5 a/aM*)) 


Ta6Ouunma 1 


TemnepaTypa aHo- Kony. cepHot 
autTa, °C KHCJIOTHI, WV 
Buixon, Bprxog 
a 20 | 30 | 40 | 60 | 80 9 3 | 7 [11,5] 17 | 2m 
c cS 
400] To TOKy H Io Be- 100) Ilo Ttoxy u m0 Be- 
mecTBYy 39 41 | 38 | 36 ULeCTBY 36 | 41 | 48} 51} 3 
450] Ilo toxy 30 | 35 | 37 | 28 | 25 150] IIo roxy 31 | 37 | 42| 43] 2m 
Ilo BeulecTBy ANS | ayo || || | iy Ilo BenlecTBy 57/54/63] 65) Sie 
200) Ilo roxy 24 | 27 | 27| 23} 17 200} Ilo roxy 29 | 27} 27 | 2910) 
| Ho semecrBy 48 | 54|54| 47 | 35 Tlo pemecTBy 54|54|55|59| 3 


B pe3y/IbTaTe OKHCeHHA B-NMKONMHA, JOBObHO MerKO OKMCAAeTCA asbuele 
Oyuako mpowecc oKkucIeHuA B-IMKOJIMHa TpoTeKaeT CO 3HAUHTeIbHO OOVIbILeIll, 
CKOPOCTbIO. OTO NOATBEPAMMOCh TaK%Ke CiellHasbHO MOCTaBJIEHHbIMH OMbITaMIy 
0 3JIEKTPOOKHCJICHHIO HHKOTHHOBOKM KucuoTH. Ha6smoatoumiica B Hayat 
9AEKTPOMM3A POCT BbHIXOJa HUKOTHHOBOM KUCJIOTbI MO TOKY YKa3blBaeT Ha OOpale 
30BaHHe HeECTOMKUX IIPOMe2KYTOUHBIX MPOLYKTOB OKHCJIeHHA 8-NHKOJIMHAa B HH 
KOTHHOBy!0 KHCJIOTY, HalpHmMep MUpvAMH-3-anbyerusa. / 
MsmMeHeHHe aHOAHOL IJIOTHOCTH TOKi® 
B mpegenax oT 1 yo 10 a/qm? Ha BbIXOlL 
‘BbiIXO HAKOTHHOBOHK KHCJIOTHI (B MpOWeHTax) Ji@ HHKOTHHOBOH KUHCJIOTHI MOUTH Hil 
(remnepatypa 40°, noTHOcTb ToKa5 a/AM*) CKaganocb. JIMIIb TPH MasIbIxX 3HaueHHEE 
Konnentpauua g-nuxo- AX Q (50—100%) Bprxox c noBbmtell 
egg TEs HHe€M TJIOTHOCTH TOKa H€CKOJIbKO CHH{E 
3,5 *Kalica. He Jano Takxe 3amMeTHOrO 9p} 
(peKTa BBeeHHe B AHOMHT HeOOJbIUIMII 
Konuentpauua cepxoit KomuyectB Mn*t w Cr**t, 
KuHcIOThHI, N 
Bausauue Temnepatyppl (Ta6n. 1) 
15,5 13 U3y4alOCb B 3eCKTPOMUTe yYKasaHHOr 
BbIIMe COCTaBa pH IVIOTHOCTH TOKi— 
5 a/im?. CHwxKeHHe BLIXOa MpodyKta Wi 


Ta6auna 3 


1 se 


Burxoa 


Q, % 


ie 


100 | Tlo toxy uno 


Re eiey 54 55 49 TIOBbILEHHeEM TeMMepaTYyPbI, MO-BHUMO 
450| To toxy 43 1G. as MY, CBA3aHO C yBeJIMYeHHeM Ye bHOM)) 

Ilo BemecTBy 65 65 57 BeCa NOOOUHBIX peak Mp BBICOKOI} 
200 | Ilo roxy 29 29 22, 


Temilepatype, Tak KaK CYMMaPHBIii pact 
XO TOKa Ha BCe TIpolecchl OKHCeHM |) 
MOUTH He MeHAJICA C poctoM TemmepaTy|f 
ppl (92% mp 20° uv 97% mpu 80°). Avanoruunoe sBneHue HaGmOfaocb ¥ TIpih 
MCCCHOBAHHM BJIMAHHA KUCOTHOCTH syleKTposHTa (Ta. 2): 3ecb UMeeT MecTiIE 
3aMCTHO€ H3MCHECHHE BbIXOJa HHKOTHHOBOH KUCJIOTbI C POCTOM KHCJIOTHOCTI)E 
pH MOCTOAHHOH CyMMapHOM CKOPOCTH OKUCMeEHUA OpraHWuecKHX BeIecTB. 

MaxkcumaJIbHblit BbIXOJ, HAKOTHHOBOM KUCJIOTBI MOET OBITS nowyueH B Jol 
| 


BOJIbHO WIMPOKOM JlMalla3s0He KMCJIOTHOCTH aHouuTa, oT 11 po 17 N. Tosemmell 


Ilo BemlectBy 59 59 44 


i 
fa) 


* 3a Q=100% mpuHaATo KomMuecTBO smeKTpHYecTBa, paBHoe 6 F wa 1 Mow 8-nMKouH Ha if 
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jHHe KHCJIOTHOCTH aHOJMTa BO BpeMA JIeCKTPONH3a 3a .CcueT 9eKTpOMepeHoca 
J nponopuioHasbHo KOJIMYECTBY MIPOMyMeHHOro IJIEKTPHYeCTBa; MOITOMY B OMBI- 
WTaxX C MepeMeHHOM KOHUeHTpallMel B-NMKONMHA HavalbHad KOHICHTpPallua cep- 
Holl KUCJOTEI BbIOMPalaCb TAKUM OOPasoM, UTOObI CpeHAA KHCMOTHOCTH 3a Bpe- 
MA SCKTPONH3a Oba IPHOMM3HTeEMbHO OMMHAKOBOM BO BCeX OMbITaX WH HE BBI- 
XOWMJIa 3a Tpesebl 3HAUeHHM, COOTBETCTBYIONIMX MAKCHMaJIbHOMY BbIXOy HH- 
KOTHHOBOM KHCJIOTHI (Ta6J. 3). 

Heo6OxoJuMo OTMeTHTH, YTO BLIXO HHKOTHHOBOM KUCJIOTHI 0 BellecTBY pac- 
) CUMTHIBAJICA Ha BeCb HCXOJHbIM B-NHKOJIMH, T. €. B OOJIbIIMHCTBe Cly4aeB AB- 
| asics’ HecKOmbKO 3aHV2KeHHBIM, TaK Kak pH Q = 100 unu 150% anoaurt moc- 
| je QNEKTPOMH3a elle COMeP2xKa HEKOTOPOCe KOMMYUECTBO HEOKNCeHHOrO B-TIMKO- 
| mma. Tlocnequuti moxer Onis pereHepupoBaH IIpu mpoBesxeHun mporecca B 6o- 
| tee KPYNHBIX MacilTaOax. 


i} 


MocxogcKuit Ilocrynuo 
XHMUKO-TEXHOJIOPHYeCKHH ~HMHCTHTYT Dil Al Give 
um. JI. HW. Mennemneesa 


UMTHPOBAHHAA JIMTEPATYPA 


ioe LAN. -Perguson, A.J: Levant, Nattire, 167; 817 (951), 2? M. Yokoy a- 
ima, Bull. Chem. Soc. Japan, 7, 69 (1932). ®°M.Kulka, J. Am. Chem. Soc., 68, 2472 
( (1946). 4A.Ito, K. Kawada, Ann. Rept. Takamine Lab., 5, 14 (1953); Chem. Abstr, 
49, 1451 (1955). ® B. F. Herr, Am. mar. 2 489 884, 29 XI 1949; Chem. Abstr., 44, 2734c 
: (1950). 
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PH3HYECKAA XHMHAS 
=. 7|0) 05°, GRE G2 cde 
B. A. UEPHDBIX, C. A. MUEKEWKUM u LP. C. THOPHKOB | 


KHHETHKA PA3JIOQKEHHA NEPEKHCH BOJIOPOJIA 
now JEMCTBHEM TAMMA-H3J1Y YEH A 


([Ipedcmaeaeno akademuxom B. A. Kapeunom 16 II 1957) 


KuueTuka peakUMn pa3oxKeHuA MepeKHCH BOJOpofa B BOHIX pacTBopax4 
HOM WelicTBHeM HOHV3HMPYIOWAX U3yYeHHH UccJIeqoBanacb B page pador (%).)) 
OyHako TlouyueHHble B 9THX PpaooTaxX pe3YJbTaTb! BO MHOFOM pa3HOpeyHBBEI. |e 
STO OTHOCHTCAH K 3aBHCHMOCTH CKOPOCTH peaKUHH OT KOHWeHTpanHn H,Os, 
MHTCHCHBHOCTH H3JyueHHA, aTaKKe K BbIXOJaM peakUMK Ha MOrsOWleHHy!0 9Hep- 
rHuto W3syseHHA. HecormacoBaHHOCTb pe3yJIbTAaTOB Pa3sJIMUHbIX paooT, Mo-BUAU-} 
MOMY, BO MHOFOM OOycJIOBJIeHa TEM, UYTO H3MePeHHA TIPOBOAUJIMCb B passMUHBIX 
WH y3KUX MHTepBalaxX KOHUeHTpalu H»,O2, B OCHOBHOM B pa3OaBJICHHbIX pac-8 
TBOpax. 

IIpeacTtaBiaso MHTepec BbISICHUTb, B KaKOH Mepe JeHCTBHTebHbIe 3aKOHO- 
MePpHOCTH KHHETHKH 3aBUCAT OT TOrO, B KaKOM OONACTH KOHUCHTpallH MpOusBo-!lé 
ATCA H3M€peHHA; B YaCTHOCTH, ObIIO CyULeCTBEHHO HCCJIeOBaTb KHHETHKY 3STOM Ff 
peaKUHH B KOHICHTPHPOBaHHbIX pacTBopax. - 

JIA BbICHeEHHA CMeWMPUKH paualHoHHOH peakUHH OblmO0 HHTepecHO co-tE 
MOCTaBHTb ee C 3aKOHOMePHOCTAMH KHHETHKH TepMHYecKOH H choTOpeakIMH, 
ONpefesIeHHbIMH B TOM %Ke OOMacTH KOHUeHTpalluH. 

Mobi ucculeqoBasiM KMHeETHKY passoxwKenna HO, B BOAHBIX pacTBopaXx B IIM-}f 
POKOM HHTepBasle KOHMeHTpauul or 2 7092 Mom.% HeO2 nox JelicrBuem raMMa- 
W3JIYUCHHA, a TaK?Ke HEKOTOPble KHHETHYeCKHe 3aKOHOMePHOCTH TepMuyeCKOH | 
M (pOTO-peakIMH B TOM *Ke OOMacTH KOHWeHTpalul. 

VicTouHHKOM raMMa-H3JlydeHnad Cly2%KH Co®, axTHBHocTbio 80 KiopH; UcTOU- 
HHKOM y.-(—). w3yyeHHA — pTyTHad mamma IIPK-2. B xKauecrBe ucxoqHoro 
pacTBopa Ucnob3so0Basica 92,23 Mon.% pacTBOp NepeKHcH Bofoposa, Mowy4eH- } 
HbIM Tpe€XKpaTHOH JMCTHINIAWMeH, yeJIbHad 9JIEKTPOMPOBOAHOCTb ero paBHA- 
nacb 7,3-10°° om?.- cml. 

CkopocTb peakIHM pasJlOKeHHA MepeKHCH BOAOpOa H3MepsAsacb BOIOMeT- 
puuecKH 10 CKOPOCTH BBIJeeHHA KUCOpofa U3 pacTBopa. CKopocTb payua- 
WMOHHOK WIM POTOXUMMYeCKON peakUMH ONpesetaacb Kak pasHocTb MexKLY | 
H3MepACMOH CKOPOCTbIO HM CKOPOCTbIO TepMHYeCKOH peakIlHH. l 

Vsmepenve 9HeprHH M3JlyyeHNA, TOrsouleHHOH pacTBopoM, Mpo“sBo,UNOCb 
C MOMOMIbIO O3HMeTpUYecKOH peakKUMH — OKHCAeHHA JBYXBasIeHTHOrO 2Kesesa | 
B TpexBaJieHTHoe B pactBopax 0,8 N H;SOu. IIpu pacuerax npunumasocn, aro 4 
Ha 100 9B NorwiotjenHHoH 9Hepruu oKUcaMeTcaA 15,5 SKBUBaeHTOB AByYXBaueHT- | 
HOFO %Kevlesa. , 

BapbupoBane MHTCHCHBHOCTH U3 IYYeHUA OCYMECTBIIAOCb H3MeHeHHeM pac- 
CTOAHMA IpHOopa OT WCTOUHHKAa HBuyueHUsA. 

KuneTuka peakuuu, HYHUNHUpPOBaHHOH ramMMay 
U3 1y¥%eCHMEM. BaBMCUMOCTb CKOPOCTH peaKIHH OT KOHLeHTpalMH pactTBo- | 
pa H3Mepaslacb B MHTepBase oT 1,78 Wo 92,23 mon.% HoOsg. 

Vnrencupnocth ‘Y-H3uIyueHHa v3MeHanacb oT 0,26-10!8 yo 1,84-1018 
9B/-ceK; TeMlepatypa w3mMenamacb or—30 jo 50°. 3aBncumoctb cKo- 
PocTH peaKIlMM OT KOHMenTpalun HO, npeszctapnena ua puc. 1, u3 KoToporo 
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fHAHO, ITO CKOPOCTbh peakUMH, Kak *byHKUMA KOHWeHTpauHH H,O,, npoxogur 
aepe3 MaKCHMyM, Ip Bcex TemMepatypax. 

VismepeHuA 3aBMcHMMOCTM CKOpOcTH peaKUMM OT MHTeHCUBHOCTH padquauuu 
MOKaS aH, ITO CKOPOCTh peakIHH MpOnoplWOHabHa KBapaTHOMy KOpHIO H3 
(HTCHCHBHOCTH W3JIYYeHHA Tp BceX MCCJIeOBAHHbIX KOHMeHTpaliuax or 1,78 
LO 92,23 Mou. % H.Og. 

; a Soe kes OT TemMNepaTypbl HccJleqoBanacb mpu 50; 
, 1U; 1; — 4, —I1; —21°. WUccnenopanca taxxe pacnan 92.33% pactBopa 
20 pie OU : 3 i 
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Puc. 1. SaBHcHMOCTh CKOpOCTH paqHaWMOHHON peakUMH OT COCTaBa PaCTBOpa HM TeMMepaTypHl. 
TlormomenHad SHeprHa uenyuenna 1, 84-101* 9B/n-cex 


uc. 2. SaBucuMOCTh CKOpCCTH TefMHUECKCIO FeencmeEHA H;zCy OT KOHWeHTpalHM pacTBopa H 
TeMIepary phi 


“ 1 
Jina BceX pacTBOpoB HMeeT MeCTO JIMHeMHad 3aBHCHMOCTb igw(=). Oyuako 


ipaMad vMeeT W30M Ipu Temiepatype~10°.B oOnactu Temneparyp or —21° 
xo 10° cpeftHee 3Ha¥eHHe SHEpruM akTMBallMH paBHO 6,5 +1,0 kkas/Monp. 
Bbiie 10° cpeqHee 3HAYeHHe SHEPrHH 

\KTUBALLM paBHo 2,8-+1,0KKas/Moub. (nane/a-cek)-107 

| Kak noka3asu ombirbl c Mepeme- 


IMBaHueM pactTBopa, Bblille 10° cKo- z 
)OCTb BLIECHHA KUCOPOAa MPH te- 26 
)eMeLIMBaHHH BospacTaeT. Huxe 10° s s 
lepeMeluMBaHe Ha CKOPOCTb peakUuu $3 
@ BIIMAeT. STO WoKasblBaeT, YTO BbI- » 3 


e 10° HackopocTb peakIIMH Hakla- 
BIBaeTCA Wupy3HA, KOTOpaAU SAB- 
ACTCA IPMUMHOH KaxKyllerocA yMeHb- 
MeHHA SHeprHH akTUBaUUn. Puc. 3. S3aBHCHMOCTb CKopocTH pa30xKeHHA 

BpIxofbl peakuwn Ha MoronleH- H2O2 y-f. uamyyennem or konuentTpauun npn 
1yi0 SHEPPHIO 3aBMCAT OT KOHIeH- tay LO deca. foe a ae peak- 
pallu M TeMMepaTypbl H JlexKaT B ; cre GE TOMS ee 
Ipeqenax or 21 (npu —4°) 70230 
mpu 50°) Mosekya nepekucu Ha 100 9B MormouleHHOW SHepruv raMMa-H3syyeHHA. 
Takve BbIXOJbI XapakTepHS3yIoT WellHOH Mpolecc. : 

Kunetuka TepMHYUeCKOH peakUuU. M3mepenne ckopoctn 
epMHYeCKON peak MpOBOLMOCb B TOM Ke WHTEPBasle KOHUeHTpalul pn 
10; 30 u 50°. Hue 10° cKopocTb peakuMu Oblua Masa M TpyHO M3Mepuma. 
es yIbTATHI M3MepeHHit MpHBeeHb! Ha pc. 2. Kak BuHO Ha puCyHKe, 3aBuCH- 
{OCTb CKOPOCTH peaKUMH OT KoHIeHTpaltuu HO, uMeer ToT Ke xapaxktep. Ilo 
\OCOJIOTHOM BeMUYHHE CKOPOCTb TepMHYeCKOrO pacnaga pH 30—50° npumepHo 
a NOpAMOK HW%Ke CKOPOCTH pasMalMOHHOrO pacniafa. 

Cpefuee 3HaueHve SHEPrvu aKTHBAaLLMM TepMMYeCKON peaklMn paBHo 12,6+- 
+1,5 KKaJI/MOJIb. QHEpruA aKTHBAUHH JWIH OUeHb MAaJIBIX WH OYeHb 6osIbILHX 
‘OHIEHTPallWli HECKOJIbKO HH2Ke STO BeNHUMHBI. 

KunHeTuKa pasioKeHHA NepeKHCH BOMOPO fa nog 
leHCTBHEM YAIbTPaAamPUNoNeTOBOrO 43H yueunuUaA. Konuent- 


561 


pallwOHHad 3aBMCHMOCTb CKOpocTH peakUMM Mo JecTBHeM ‘-ysbTpacuouer Ir 
Boro CBeTa UcculeqoBaacb B TOM xe OOMACTH KOHWeHTpalU. SaBMCUMOCTh CKty 


pocTH peaKUHH OT KoHeHTpaltun H,O, H3Mepsasacb Ip 30°. Pe3sybTaTbl STHE 
} 


4 
u3MepeHHit NpuBeyeubi ua puc. 3. Kpusanlg w( 7) MMeeT H3JIOM IIpHOJIM3HTeJ} 


MD 


| 


Ho oKosio 10°. ) 
B unteppane 1—10° sHauenve 9Hepruu aKTHBallMu paBHo 7,3 KKaJ/MOJI 


a B unTepBane 10—50° 4,0 + 1,0 KKa/Moub. 
TlepemeumBanve pacTBopa MpMBOAMT K yCTpaHeHHio H3JlIOMa Ha KPMBOR 
1gW().Upu 3TOM SHeprd AKTHBALMH B MHTepBasie 1—10° paBua 8,9 KKasi/MOJIy) 


a B uHTepBane 10—50° 7,914 
sp? =-KKaul/MONb, T. €. MpakTHUeCKs) 


7 


| I 


50 ,  HMeeT OfMHaKOBOe 3HaueHHe A 
JO QOoWX MHTepBasoB TemMmepaTy| 
S W ra BenwunHa 61u3Ka K 9Hepruly 
S25 fo aKTMBalH peaklu, uAyulel mC) 
She “4° jeficTBHeM TaMMa-H3JlyueHHa. 

KuneTtTuueckKoe ypane 

f of Warmly 04 5 HeHHe 4H BepoOaAT HEM 
(11,0,)7(H,0]’2 —— MeXaHU3M peakiyu 


OyMHaKoBbIt XapakTep 3aBHCHMCH 
Puc. 4. [paduku Aaa onpeqenenua K m0 ypaBpHe- cTH CKOPOCTH peaKIMi OT KOHIMCET 
Hm0 (2) Tpaluu pH paualvouHom, pd 
TO- H TepMHYeCKOM HMHHILMUpoBey 

HHH peak, a Take O/1M30CcTb 9HEprHH aKTHBaMH pH pavallMOHHOM 
(poTOpa3JIOXKeHHH YKaSbIBaeT Ha TO, UTO OCHOBHOM MeXaHH3M peakI[HH He 3aBLs! 
CUT OT XapakTepa HHHWMMpOBaHuA. STO o6ycNOBMIeHO TeM, TO passOKeHHs 
TepeKHCH BOMOpOMa ABJIAeTCA WeMHbIM TIpolleccom. a 
ConocraBjleHve MoKa3biBaeT, UTO 3ABMCHMOCTb CKOPOCTH peakUHN pas oxKee 
HHA OT KOHUeHTpauuu H,O, aHatorH4uHa 3aBHCHMOCTH yebHOM SeKTpONpdi 
BOJHOCTH pacTBOpOB MepeKHCH OT ee KOHUeHTpalluu (?). CumOaTHblt xo STE 
3aBHCHMOcTell yKa3bIBaeT Ha TO, 4TO B Mpollecce pactajla nepeKucu BosOpoNlG 
OOJIbLIYIO POJlb HrpaiwoT HOI. Iro MoTBepXaeTcA pxAOM ucceqoBaHHle 
YCTaHOBHBUIMX yuacTHe HOHOB B Mpollecce (boTOXMMHYecKorO UH TepMu4ecKOrs 
pa3JIOKeHHA NMepeKUCH BOJOpOa B BOAHBIX pacTBopax. | 
ONeEMEHTApHbIMH CTAaMAMH Tpollecca, MMerwoULMMH HavOoulblee 3HAayeHHEH 
T10-BUAMMOMY, ABJIAIOTCA CJleqyroulMe: : 
KoucTaHTbI CKOpocTH 


peakuit 
(nO; 22108 Ky 
QC) Or TO, tO AO. Ke 
(3): HsOs42 HOO O55 OF K, — Ks 
(3’) HO;-- 1,0 H.0+ Om Lge 
(4) HzO. + O2 + + HO” + OH + 0, ‘Ka 
(5) “HO SSHOs EOE ao; K; 


Tak Kak pajukan HO; HeakTuBeH, To pactiay MepeKuch Bosoposa No peaks 
WMH (3) QouKeH MpoTekaTb MejieHHO. B BOAHbIX pacTBOpax Mpoucxo_uUT Auch 
colManua HO, mo peakunu (3). anee MoxkeT mponcxouTb Mpovecc nepexays 
3apxjla: 


H30; ai On eq H,07 -+ Os, 
KOTOPHIM IpHBOAMT K J\MCCOMMaWHH NepekucH Bosoposa: 
HaOx <+.OHe Or. 


Peakua (3) 4 06a STH Mpollecca JOMKHI MpoTeKaTb ObicTpo, MOCKONbK}} 
MepeXO]| NPOTOHA HIM 9JIEKTPOHA JOJKEH MPOMCXOMUTh Oe3 CyWleCTBeHHBIX 9HEp | 
562 


WeTH4CCKUX 3aTpyAHeHu. DTOT MexaHu3m paccmorpeu Beliccom (°) B npuMene- 
4H K pa3JiowKenio MepeKkcH B MpcyTcTBHH Mona Fe** u Koputenpy (4) ans 
moTopacnana H,O, u oOocHopan B. H. Konsparpespio (°). 

| 8 pasOapnennbix pactBopax 3apoxK ene aKTMBHBIX WeHTPOB MoxKeT mpouc- 
|KOAMTb TakxKe B pesyJbTaTe pauouH3a BOLB. 

Yuntbipad OAMoneKYyAApHbI Xapakrep peakuuu (3), MOXHO MpHHATb, 4TO 
|-KOPOCTb ee ollpeflesAeTcH ypaBHeHveM BToporo HopsKa: 


Ws = Kz [HO] [HO]. (1) 


Ucxonsa M3 HallMCaHHOrO MexaHH3Ma peak U IIPMMeHAA MeTO CTaluouap- 
bBIX KOHUeHTp alu MPOMe2XYTOUHBIX IIPOAYKTOB, MoyuaeM CJlefyroulee IpH- 
DAMAKeCHHOe YpaBHeHHe JIA CKOPOCTH peakIHH: 


V= 


Abd KV V (RO IRO). | es 


et BE CAS 
K=2 Ve ee. 


aK YKa3bIBaJIOCb, CKOPOCTb peakUHH Mponopunonatbua VJ, Kak aToro Tpe- 
OyeT ypaBueHue (2). 

Ha rpatuke puc. 4 npuBeyenbl aHuble, UOCTpupyrolllve BbINOJHACMOCTh 
ypapuenun (2) Np pawalMoHHOM peakuuu. YAOBMeTBOpUTeNbHOe corsacue 
c ONbITOM HMeeT MeCTO H JIA (POTO- HW TepMHYECKOrO passOKeHHA BO Bce OOMAacTU 
/KOHUCHTpallu U WI BCeX TeMMepaTyp, pH KOTOPbIX Ob MpOHsBeeHbI H3Me- 
peHus, 

MoxKHO NoJlaraTb, 4YTO B pAfe cyYaeB YpaBHeEHHA CKOPOCTH payuallMonHon 
peaKUHH pa3siomKeHHA H,O2, KoTopble OblIM NOMy4eHbI B Apyrux paOoTax, muper- 
cTaBIAIOT COOOH alNpOKcHMalluH JeHCTBUTesbHOrTO KHHeTHYeCKOrTO 3aKOHAa 
ipeakUMH B pasIMUYHbIX Y3KHUX HMATepBalaX KOHWeHTpalul — pa30aBJIeHHbIx 
pactBopoB H,QOb. 


@Mu3ukKO-XHMHMYeECKHH HHCTATYT Tloctynuso0 
um. JI. A. Kapnosa 4 II 1957 
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Axagemuk AH YCCP E. A. LUMJIOB u J. ®. MAPOHOBA 


HEKOTOPbIE OCOBEHHOCTH KHHETHKH MPHCOEAHHEHKA 
MOJMCTOrO BOJOPOJA K HEHACbILIEHHbIM COEXHVHEHH AM 


v | 
Mot ycraHopuav, uro Hox ycKopser mpucoeguHeHve HJ kK UnksoreKceHys 


WM K XJIOPHCTOMY aJIHYy, ECM peakUHA MpOBOAUTCA B OeHSOJIbHOM pacTBOopede 
Vi3mepeHua oka3asiu, YTO CKOPOCTbh OOeHX peakUHH BbIpakaeTcA ypaBHeHHeM 


d [HJ] | 
di 


= kgM [HJ] [Jo], 


rae M — KonleHTpalua HeHacbIleHHOorO CoeHHeHHA. | 

Cxopoctb peakuuu HJ c WuKsorekceHOM He 3aBHCHT OT TeMMepaTypbl, NGiy 
Kpalneli Mepe B HHTepBaue oT 4 Jo 30°. DTo oOnapyxuBaeTcA Ha puc. |, roel 
HaHeceHbl JaHHble HECKOJIDKUX KHHETHYECKHX ONbITOB IPH pasHbIX TeMNepaTy-# 
pax. MoxkKHo BuyeTb, UTO B Mpesemax oumOok onbiITa u3MeHeHuA THTpa HJE 
B CM€CH IIpH BCeX TeMIepaTypax COOTBeTCTBYIOT OAHOM HM TOM Ke KPHBOK, DIAL 
KOTOpoH ks paBHo 6,7 m?- Momb ?- cek?. Takum oOpa30m, TeMlepaTypHbIHiE 
KOS*PPHUMEHT CKOPOCTH peaKUMH MexKy UuKorekceHoM H HJ B OeH380/1bHOM 
pacTBope paBeH HyJiio. CyMMapHad SHeEpruA aKTHBalHH TomKe paBHa HYVJIO,|h 
a NpeSKCHOHEHUMabHbIA (akTop « = kz = 6,7 — cmyyali oueHb peKu WIA 
peakUHi B pacTBopax. t 

EcuiM peakKUMaA UnkKsorekceHa c HJ BegeTca B eqaHOM yKcycHOH KucsOTe, 
TO Ho MepectTaeT eHcTBOBaTb KaK KaTaH3aTOp H, HAaOOOpOT, 3aMejIAeT peak-B 
M10, CCIM BSAT B KOHIeHTpallHu, COM3MepHMOH c KOHMeHTpalluelt HJ. Temme-ih 
paTypuHbl KosdpuUMeHT CKOPOCTH MoyyaeT HOPMasIbHOe 3HaveHHe, paBHoer 
~2,4 Ha 10° (puc. 2). CkopocTh peakuuu HJ c unKmoreKceHOM B yKCyCHOH KuC- 
JloTe BbIpaxkaeTcd ypaBHeHHeM | 


d [HJ] 

v\ edt 
rye k; =0,096 npu20° u 0,23 mpH 30° (B Tex xe equHUMax), E=14,7Kxan. 8 
J{oOapku LiJ s3ameTHo ycKopsioT peakunto; no-BuquMomy, LiJ sameuseT MO-WN 
jexyny HJ B nepexoqHOM KoMMeKce peakUM NpHcoequHeHHA. 
HJ B Oensoule H B NpHCyTCTBHH Hola IpHcoeAMHAeTCA K XMOPHCTOMY aNIMIyW 
ropa3so MejieHHee, 4YeM K UWHKNorekceny: ks = 0,0088 m2-monmb?-cek ?. BI 
yKcyCHOH KUcoTe IpHcoesqMHeHHe CCBCeM He HeT. CKopocTb npucoesunenua HJ 
K XJIOPHCTOMY aJIJIMJIy B OeH3OJIbHOM pacTBope BospacraeT B 2,2 pasa B HH- 
TepBale 12—30°. ) 
1,2-uMeTuuukKIoreKcen-1 pearupyer c HJ rak 6ictpo, 4TO HeT BO3MOX-)k 
HOCTH NOJYUNTb TOUHbIe 3HAaYCHHA KOHCTAHT CKOPOCTH JlaxkKe pH Temmepatype 
oxono 0°. Oyuako kKaTamuTHyecKce jelicrBue foya He OcTaBvIneT HHK akoro\lt 
COMHeHHA. | 
Hs mpupeyenublx JaHHbix cyleqyer, uTO KHHeETHKa npucoeyunenua HJ Bil 
3THX TpeX peakKUMAX ONpefesAeTcA eHcTBHeM IeKTpodubHOrO areHta. Bca-f{ 
MOM jeule, TpylMbl € INIEKTPOHOAOHOpHbIM appektom (CHs) ycKopsuot, a cif 
SJIEKTPOHOAKHenTOpHbIM (CH;Cl) samequsioT peakuMio mpHcoequnenua. fh 
OlHako MbI HaGmOfaeM ycKopeHve peakIIMM, Mepexofa oT tWuKnoreKcena |: 
K AUMeTHOBOMy SPupy alleTHeHLUKapOOHOBO KUCAOTbI — coequneHMo, Wi 
CKJIOHHOMY CKOpee K peaKIMAM C HYKJeOMHIbHbIMH, YEM C IeKTPO*HIbHBIMH If 
peareuTamu. i 
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= kM [HJ], 


B orcytcrBve Hoga mpucoequnenue HJ kK allerunenquKapOonoBomy 9pupy 

| Oensoule clleyeT ypaBHeHHio BTOporo MopayKa: 

| __ 4[HJ] 
dt 


= h,M [HJ]. 


KoucTanta 9Toro ypaBHeHHA He 3aBMCHT OT TeMNepaTypbl B uHTepBase OT 
3 No 30°. Sto BUAHO U3 pUc. 3, re OfHa M Ta Ke KpuBaa / MpescTaBaser 3uaye- 
HMA WSMepeHHH, chemaHHbIX Np 3, 13 nu 30°; kp Ana sTOK peaxuun paBHo 
),24 n-Momb +-cek *. Mow 3aMefiaeT peakumio npucoeyqunenua HJ xk aueruuen- 
ukapOoHoBomy SPHPy, YTO MOKa3blBaeT KPHBaA 2 Ha puc. 3, CooTBeETCTBYIONaA 
ymbiraM c JoOaBKoH Hoga No 0,0058 moap/s. 

Kpuspie 3,44 5 Ha puc. 3 oOnap yKuBaivT, YTO peakUNA MpNcoe_uHeHUA HJ 


: 20 40 60 muK. 
40 60 120 muh 
Puce. | Puce. 2 
Puc. 1. Iluxnorexcen u HJ B 6en3oue Puc. 2. Ljuxnorexcen u HJ B meqaHOW yK- 
[CsHi9],"= 0,13 M; a — 4°, 6 — 14°, e — 30° cycHoit KucuoTe. [CgHj9])>= 0,05 M; a — 20°, 


[Jo] = 0,052 M; 6 — 20°, [J] =0,0009 MV; 
) e@— 30°, [Jo] = 0,0008 M 

\K alleTHeHuKapOoHoBomy Sdupy 3aMe/liAeTCA Np Nepexoge oT OeH30ubHOrO 
pacTBopa K pacTBopy B HeTposleHHoM supe HW YCKOpAeTcA pH Mepexoje kK 6o- 
Jee IpOTOPUJIbHbIM pacTBOpHTeAM — CMeCHM OeH3OJIa C AMOKCAHOM WI C yKcyc- 
HOH KHCJOTON. 

 Jlo-Bugqumomy, HJ qelictByeT B NepBol cTayMM STOW peakIH He Kak 3JIeKTPO- 
(buIbHbIM, a Kak HyKseopusbHEI arent (1). IIpH nepexogle or WHksorekcena 
K alleTHJIeHquKapOoHOBOMy 9 SPupy U38MeHAeTCA, CJI€OBaTesIbHO, He TOJbKO 
KOHCTaHTa CKOPOCTH, HO WH MeXaHH3M MpucoesquHenua HJ. 

Ouenb MasbId TemMepaTypHbIM KosppuuueHT CKOpocTH UpHcoesuHenuA HJ 
K WMKsOreKceHy HU K alleTHseH,uKapOoHOBoMy 9Pupy B OeH3OJIbHOM pacTBope 
OObACIACTCA, MO-BUUMOMY, IpOMexXYTOUHBIM OOpas0BaHHeM aKTHBHOTO KOMIMWJIe- 
KCa, KOHUeHTpalua KOTOpOrO YMeHbIUaeTCA C MOBbILeHHeM TeMHepaTypbl, TO 
KOMMeHCHpyeT TepMHYecKoe yckopeHve peakuuu. M3 pasM4HbIX KOMIJIeKCOB, 
BOSMOXKHBIX B HallIMX CHCTeMaxX, B TaKOH posM HaHOoJlee BEPOATeH 7-KOMIVJIeKC 
C>H, ~> HJ. Ec sneprus ero o6pa30Bpanua (AH) O1u3Ka Mo BeMMUHHe K 9Hep- 
rau (E,) ero Mepexofa B KpHTHYeCKHH KOMMJeKc, TO HaOsIOaeMaA SHeprus 
akTuBpaunu E = AH — Ey, Oyjer Onu3Kka K HyJlo. 

STO OTHOCUTCA K IpHcoequHennIo HJ kK UNKJoreKceHy H K alleTuleH,uKapOo- 
HoBoMy acdupy. Y xWopucToro asiusa 9HeprudA COPasoBaHHsA NepexofHOrO KOM- 
MIeKCa HAaCTOJbKO MpeBblilaeT CBOOOAHYIO 9HEprulo OOpasoBaHHA KOMIVIeKca 
CsH,--—>HJ, sTo TemnepatTypHbI KosppulMeHT CKOPOCTH peakIMH MaJO OTJIN- 
yaeTCA OT HOpMaJIbHOrO. 

Katamuruueckoe JlelicTBue Hoya B peakiuax HJ c WukKlorekceHoM HC XJIO- 
DUCTHIM aJJIMJIOM CBA3AHO, KaK MbI JlyMaeM, C ero 9JIEKTPOPUJbHBIMH CBOLCTBAa- 


565 


MH. Peak HAeT, BEPOATHO, Yepe3s TPHMOJeKYAPHbIi MepeXOAHbIi KomMeKc |f 
cocTaBa 


B OOpasoBaHHH KOTOporo KOMMJeKc CoH, --> HJ urpaer poub HYKIeoMJIb= fh 
Horo areuta. C ormensennem HJ o6pasyerca 1,2-quofituKjoreKcaH, KOTO-|f 
pbId ToTYac BOCCTaHaBJIMBaeTCA B MOHOMOMMpOHsBosHOe. Crayua BoccTa-f 
HOBJICHHA AMHOAMAa MpoucxofuT Tak OplcTpo, YTO He JMMHTHpyeT oOOMeK# 
CKOPOCTH peaKIHH HM He OTPaxkKaetcA Ha KMHeETHYCCKOM ypaBHeHHH. | 
TakHM oOpa30M, MbI JonycKa-} 
em oOpasoBaHHe 1,2-quHORUMKIIO- 
rekcaHa Kak IMpoOMexXyTOUHYy!IO 
og cTayMio THApovosupoBaHHA WAK-|p 
ee yloreKceHa WM XJIOpucToro asa. fh 
J\s1d NOATBepXeHuA STO rHunoTe-|f 
3bl HY2KHO ObIIO ObI 3HATb CKOPOCTb is 
oOpa30BaHHA AHO a W CKOPOCTbh 
erO BOCCTAHOBJIeHHA. OHaKO OKa-B 
3bIBaeTCA, ITO B oTcyTcTBHe HJ 
Hol WpHcoeqMHAeTCA K WMKIOreK-6 
cCeHy MeJI€HHO, 2B TIpHcyTCTBHU 
HOMMcTOrO §=6BOJOpofa peakUMwl 
TiIpHcoeqHHeHuA Hola HeIb3A Ha-& 
Peso ath Sea i eb Os10LaTb, MOTOMY 4TO BMecTO Hosa if 
Boll KHCOTEI 1 HJ [CoflsOaly=0,02 Mi; 1 (en: mpucoeauHseTcA HJ. Ecau B par 
some, [J2]= 0,0001 M (a—3°, b—13°, ¢ —30°); 2— TBOPe COREPARUTCA ANAYKT HONa KEE 
B Gex30ne, [Jo] = 0,0058, 13°; 3—ps nerponeli- UWHKIOreKceHy, TO Nocue WoOaBKH & 
HoM oiupe, 14°; 4—B cmecu CeHe + CHsCO2H HJ on upesBpyalino 6bICTpo BBI- fe 
(Ee De ee hee CoHs + mMoKCAH Fenger fiom. OfHako cKopocTbie 
on ae o6pas0BaHHA JuMOMMMKIoreKceHa ff 

B IipHcytcrBuu HJ ocraercA HeusBecTHOH HH, CJIeOBaTeJIbHO, He yaeTCA aTbih 
MCUepMbIBaIOllerO JOKAasaTeJbCTBA Halllero JOMYMNeHHA. i 
IKCHeEPHMeHTAJbHbIe FaHHHe | 


LukjorekceH, NouwyyeHHbIt W3 WuksIoreKcaHosa, uMe T. Ku. 82°. 1,2-nH-Ih 
MeTHIUMKIoreKkceH-1 Obl MpHroToBseH v3 1,2-quMeTMIMMKNOoreKcaHoma-1 y=} 
TeM Neperouku c Hofom (7); T. Kum. 135—136°. Tumerunoppiit sup auetunen-|6 
AuKapOoHOBO KUCJOTHI Nosyyacs, KaK B MWpexkHUX paborax (3). Xaopucrprit# 
AJM (M3 asJIMOBOrO ankKoroma H HCl) kunen npu 44—45°. PactBoputenu Tura- 
TeJIbHO BHICYIUMBaIHCb HM Neperonssucb. Pasoo6pasnpt HJ ounmanca or fogale 
¢ MoMOUbio pacTBopa CaJe, oT Boxbl — thoc*opHIM anruspupom, u or PHaJ — 
oxmaxkeHHeM lO —25°. 

Pactsopbl HJ B opranwuecKHX XKUKOCTAX IIPHMeHAJIMCh B KHHETHUeCKUX, 
ONbITAaX MO} 3allHTOH OT CBeTa B aTMOCHepe yrvieKHCNOTHI ANA Npeqoxpa-|e 
HeHHA OT OKUCJICHHA BOSAYXOM, KOTOPOe OCOOeHHO sIerKO HacTyMaeT B pac-ff 
TBOpaX B yKCYyCHOH kucsoTe. . 

KuneTuueckve OMBbITbI CTaBHIHCb B CMellMabHblX cocyaX, CoesMHeHHbIX# 
C IMMeTKOH [it RosupoBanus (4). Jus onpeqenenusa toxucroro Boxopoya mpobsr 
oObeMoM | MJI CMCIIMBAHCb B KallesbHOM BOPOHKe C HeCKOJIbKUMM MuUIMMeT- 
pamu CCla u B3OaJITHIBAIUCb c BoxoH. HJ onpexenanu B BOAHOM coe TUTPOBa- 
imem to Ponprapzy. Mog B cmoe CCla TutTpopascs THOcybbatom. , 

B Ka2kOM OTJeJIbHOM ONbITe 8HaYeHUA KOHCTAHT, B Mpefedax OWIM6OK u3Mer'h 
PeHHA, NOCTOAHHBI. Kak IpHMep, NPUBOAATCA aHHble JByx ombiros. Kouleurpa-{ 
WWM [anbl B MOJIAX Ha JIMTp; KOHUeHTpallun HJ B3sTbl C KpHBBIX. 
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0 10 20 JO muH 


L[uxsorexcen uv HJ B 6en30ue 


[CoHiolo = 0,128, [Je] = 0,00515 M, 17° 


AueTusenqukap6onospiit 
adup u HJ B 6ensuue 
[CsHgOa]o=0,0816 M, 13° 


HM. XKYPH., 


Kuesckul 


t, ko, ih Ras 
muH. [HJ] a-momp-!-cex-} mun. [HJ] a-momp-!-cex-} 
0 0,097 — 0 0,0300 — 
D9 0,042 0,0314 5  0,0144 0,144 
Ter 95032 0,0304 140 «60,0082 «=O, 13 
10. 0,0245  0,0297 15 0,0086 0,115 
15 0,016 00,0304 20 0,0059 0,113 
20 "0:04 0,0313 0,113 
29 0,008 0,034 
0,0307 
Ry = eS 
kg = —— = 6,0 w?-Moulb 7+ cek + 
[Je] 


Ta6auna 1 


Iluxsmorexcen un HJ B Gen30e 


VuctutyT oprannyeckol xHMHu 


Akajlemun Hayk YCCP 


¥. Am. Chem. Soc., 55, 3330 (1933). 
TAH, 67, 671 (1949). 


23, 209 (1957). 


Re-104, 


home aft 


CaHHTapHO-XHMHYeCKHH HHCTHTYT 


UMTHPOBAHHAS JIMNTEPATYPA 


1E. A. Iluaos, COopnuk Bompoch xumMuvecKkolh KHHETHKH, KaTaIH3a H peakIHOHHOH 
noco6uoctu. M3y. AH CCCP, 1955, crp. 750. 


° pre? 
St, C [HJ]o [CeHiolo [Jz] Jl* MOJIb7}- ceK72 aero te seaaret 
30 0,420 ~ 0,380 0, 0004 Dh,6 
30 0,120 0,649 0,.0004 93,6 
17 0,097 0,123 0, 0014 89 6,3 
17 0,097 0,123 0,00255 158 6,2 
17 0,097 0,123 0,00515 307 6,0 
eed ees) 0,096 0,131 0,0026 185 Gadi 
14 0,094 0,134 0,.0025 170 6,8 
4,30 0,094 0,134 0,00105 50 5,0 
62) 
TaoOuuna 2 
Auamuixnopuya uw HJ B 6ex30ne 
Rp-104, kg- 103, 
T, °C [HJ]o | [CsHsClJo [Ja] m1 MOnb-2: cex—*| 2. Momb—2-CeK-? 
30 0,102 0,408 0,012 0,93 7,9 
30 0,098 0,408 0,024 2,03 8.5 
30 0,105 0,408 0,049 4,0 Bn 
30 0,118 0,408 0,425 44,7 9,4 
30 0,17 0,408 0,025 9:26 9,0 
30 0,098 0,408 0,049 4,37 8.9 
30 0,10 0,10 0,058 6,4 9,9 
8,8 
12 0,10 0,10 0,078 Papils 3,0 


Iloctynuso 
22 OSG 


Hekoropble 43 cpeHUX 3Ha¥eHHH KOHCTaHT ky 4 ks NpHBeEHbI B CBOMHBIX 
Adm. | u 2. IIpuxogutca OTMeTHTb, YTO pacxORJeHuA Mexly 3HaYeHHAMH KOH- 


TAHT W3 Pa3JIMUHBIX ONbITOB JOBOMbHO 3HAYHTEJIbHbI, UTO OObACHACTCA HETOUHO- 
TbhIO aHaJIMTHYeCKHX OMpefleeHHH IeMeHTapHoro Hoja B mpobax. 


GieekGr Suiepni ange On geen Cul aninie t, 


3Y.B- CmupuHoB-CamKkosB,E. A. llunos, 
4Y.B.CmupuospSamxkos,l. A. Tlucxosputuuna, Yx«p. 
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Jloxnxagn Aragemuu Hayk CCCP 
1957. Tom 115, Ne 3 


PH3HYECKAS XHMH} 


r. B. WTEMHBEPY u B. C. BATOW.KHH 


HEKOTOPbIE OCOBEHHOCTH KATOAHOTO BOCCTAHOBJIEHH A 
XPOMOBOH KHCJIOTbI HA YFOJIBHOM IJJIEKTPOJE 


(ITpedcmaeaeno akademuxom A. H. Ppym«unotm 11 IT 1957) 


Ilpu KaTo,HOK NOAApusalMH yroMbHOrO HIM Apyroro HHepTHOro 3eKTPOLA 
B pacTBOpaX XpOMOBOH KHCJIOTHI YacTO HaOOfawTCA ABJIeCHHA BHeSallHOr} 
TOPMOXKCHUA PeaKUHH BOCCTAHOBJICHHA AHHOHA XPOMOBOH KUCJIOTHI Cr,O, ~~ - 
+ 14 H* + 6e -2Cr*** + 7H,O, compopoxyatoulveca cKadkooOpa3HbIM CBE 
rOM MoTeHUMala WieKTpofla B OTPHWaTebHy!O CTOpOHy. | 

Katouad Movipusalud OouIbIUMMH NJIOTHOCTAMH TOKAa IIPHBOAMT K pe3KOM) 
CBHry MoTeHuvasla MpHMepHo Ha 1B B OTpHilaTeJIbHy!O CTOPOHY, NocJe vere 
HauMHaeTcaA peakUWA BbIeTeHHA BOJOpofa («(MOMHaA NaccMBaluA» BeKTposa kf 
Hapsgy c 93THM ABJICHHEM B HEKOTOPbIX Cy4atX MpH MeHbIUHX MNOTHOCTAB 
TOKa HaOJOMawoTCA CBHI MOTeHUHaa Ha HECKOJIbKO J€CATHIX BOJIbT, IPHE|s 
MNOTeHUHA BbIJeNeHHA BOMOpOa MIpH STOM He JocTHraeTcA. ITO ABJeHHe Oyjey 
B JlaJIbHeHWeM Ha3BaHO «4acTHYHOH NaccuBallueh» seKTpoya. lonHasa u yacTHye 
Had MlaccHBalluA HaOmOMaloTCA Kak IPH MOcTeMeHHOM YBeJIMYeHHH MIOTHOCTS 
TOKa IIpH CHATHH MOApH3alMOHHbIX KPHBbIX, TaK H BO BPeMeHH TIpH AWHTeNED 
HOH MOJAPW3alHH SIEKTPOJa MOCTOAHHOM MOTHOCTbIO TOKa. 

TlouHad NaccuBaluA HHeEpTHBIX IJIEKTPOMOB B pacTBOpaX XPOMOBOM KUCJOTI) 
ABJIANACb MpeMeTOM HCCJIeAOBaHHH MHOFOUMCJIeHHbIX aBTopoB. Mronnepom (ih 
ObIIO BbI,BHHYTO MOJYYHBUee WHpoKoe pacipocrpaHeHve MpefcTaBsenve off 
oOpaso0BaHHH B XOfle KaTOAHOrO BOCCTAHOBJICHHA Ha TOBePpXHOCTH 9SeKTPOLIG 
MadparMbl 43 TpyHOpacTBOpHMbIX COeMHEHHH Tpex- H WecTHBaJeHTHOrO Xpcih 
Ma (TaK Ha3bIBAaeMOM XPOMHXPOMATHOHM MWeHKH), He MpomycKarollleH HOHBI xpce 
MOBOH KHCJIOTHI K KaTOAyY HW MpHBOAAMeH, TAKHM OOpa3zo0M, K TOPMOKeHHIO HII 
lipekpalleHvio JaHHOH SieKTpOXHMHYeCKOH peakuHH. UacTuunad naccHBallu fh 
MHepTHBIX IIEKTPOAOB U3y4alacb B 3HAYMTeIbHO MeHbileli cTemeHH. OrjeubHbI fh 
HaOOeHUA Ha HHEPTHIX MeTAJIMMYeCKUX IIeKTPOMax, OTHOCALMecaA K OOmAlp 
CTH YaCTHYHON NaccuBallHH (T. e. K MOTeHUMalaM Oomee MOJOXKUTebHbIM, Jel} 
NOTeHUMAa BbIJeeHHA BOMOpOa), HCTOMKOBbIBaIHch JIuOpelixom (?) TakxKe Hf 
OCHOBe IpeAMoOKeHUA OO OOpas0BaHHH Ha MIeKTPOJe MEHKU H3 TPyAHOpacTBch 
PHMBIX COeJMHEHHH TpexBasleHTHOrO xpoMa. Tloqpo6Ouo yvacruuHad MaccuBallu'l 
YFOJIbHOFO IeEKTPOJa B pacTBOpaX XPOMOBOH KHCJOTLI He H3yYamacb, XOTA ST} 
ABMeHHe UMeeT OoJIbIOe SHAYeHHe JIA XHMHYECKUX HCTOUHHKOB TOKa C XpoM 
BOH KMCJOTOH (31eMeHTHI THMa [pend), TAK KaK NPMBOAUT K cTyNeHYaTOH opm! 
paspaqHoh KpupBoli (8). 


(e) 


HH TPH pa3HbIX MJIOTHOCTAX TOKa Ha BpalllaiolleMcA IeKTpose HB «cnleKTpasib hh 
Horo» HellpoKasleHHoro yras. Ha pwc. | moKkasaHo BAMAHMe KOHUeHTpalluiy 
OMXpOMAaT-HOHOB, Ha plc. 2—KOHIeHTpallHH BOAOPOAHbIX HOHOB H Ha puc.3—| 
KOHUeHTpaluu coved Ha YacTHYHyIO MaccHBallHio yrouIbHoro 93eKTposal 
His pvicyHKoB BUAHO, YTO NoTeHWMa BepXHeroO M HW KHerO YPpOBHA KpHBOLI 
COOTBETCTBYIONMMX AKTHBHOMY HW YaCTHYHO NaCCHBUPOBaHHOMY COCTOAHHIO 3JIeKT |S 
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Wl, a TAKME JWIATEUbHOCTb AKTHBHOrO COCTOAHHYA 3aBHCAT OT COCTaBa pacTBo- 
BIMANME OMHAX WH TeX Ke KOMNOKEHTOB PacTBOpa Ha MOTeCHWHal aKTHBHOrO 
enUMadl YACTHAIHO NACCHBUPOBAHHO!LO IIeKTPOMa Pas JIMIHO. Oco6eHHo 3aMe- 
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; 1000 ne 
i] ry] 10 15 2030 = 35.98 


Puc. 1. Banuanue KoHUeHTpauNH 6uxpomaT-HoHoB: J — Cr,O3— 
0,5 mon/n, HeSOa — 0,5 Mon/n, [Ht] = 1,5 r-sKs/n; 2—CrO3— 
1,5 Mon/a,H2SOsortcyrets., [H+]=1,5r-9Kp/1; 3—CrO3—1,0moa/an, 
H2SO4 —0,5 moa/n,{[H*+] =2 r-9kp/n; 4—CrO3—3,0 moan/n, HeSOa 
otcytcts., [Ht]= 2 r-sKxs/n; 5—CrOs— 3,0 moa/n, H2SOs—O,5 
mon/a, [H+]= 8 r-9xB/1; 6— CrO3—7,0 mon/n,HeSOs—0,5 Moa/a, 
[H+] = 8 r-sxp/a; i = 20 ma/cem?, ¢ = 25°, w = 550 06/muH 


adPekT 1oOaBsleHHA B pacTBOp OObIIOM KOHWeHTpaluu uHAMpdepentuon 
i, KOTOPad pe3KO CMelllaeT B OTPHaTeJbHYyIO CTOPONY NOTeHWMa YaCTHUHO 
CHBHpOBaHHOrO 9JIeKTpOJa H MOUTH He BMMAeCT Ha MOTeHUMA AKTHBHOTO 
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Puc. 2. Banaune Konyentpaunu Ht-voxos: /—1 r-9kp/1, 2—2 r-9KB/n, 
8—3 r-aKB/n, 4—4 r-9kB/1; 5—6 r-9KB/n, 6—8 r-aKB/; [CrO3] Bes- 
qe 3 Mon/a; i = 20 ma/cm’, ¢ = 25°, w = 550 00/MuH 


Brefleuve B pacTBOp MpoyKTa BOCCTAaHOBJIeHHA XPOMOBOH KUCJOTbI — Tpex- 
ICHTHOrO XpOMa — B KOHICHTpallWu, MpeBblillaiolleH B HeECKOJIbKO pa3 ero 
WHOHapHYy!O KOHUeHTpalluio y WoOBepXHOCTH BpalljaiollerocaA 3eKTpofa, 
IKTHUeCKH He BIMAeCT Ha YacTHUHyIo NaccuBaluio. Takoli pe3sybTaT nowy- 
TCA He3ABUCHMO OT TOPO, AOOaBIAeETCA JH TpeXBaJIeHTHbIM XPOM B Bue comm 
mbtpaTa XpOMa) WIM B Bue NpeABapHTeMbHO IJEKTPOJIHTHYCCKM BOCCTAHOB- 
(HOrO PacTBOpa XPOMOBOM KHCJOTHI (B HocJesHeM cilyyae Hapsy c oOpaso- 
iMeM TpeXBaJICHTHOFO XPOMa HMeeT MecTO H3MeHeEHHe KHCJIOTHOCTH pacTBopa, 
JIOTHUHOe TOMY, KOTOPOe HPOHCXOAUT B IPH3JIEKTPOAHOM CJIOe pacTBopa Bo 
Ma TlolspH3attuu aieKTpoga). B pacTBopax c JoOaBseHHeM O4eHb OOVIbILIMX 
MenTpalu cybcbata xpoMa HaOsiofaeTcH pe3sKoe cMelleHHe NoTeHUmasa 
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yaCTHYHO NacCHBApOBaHHorO SsleKTpOfa, OMHAKO 9STOT addekT, Mo-BUAAMIf 
cBAgaH He C IIpHcyTCTBHeM TpeXBaJleHTHOrO XpOMa, a C yBe/IMYeHHeM i 
KOHUCHTPalM S/IEKTPOJIUTAa, TAK Kak Takoe Ke CMellleHHe KPHBOU npoHag 4 
W Ip WOOaB/IeEHH B pacTBOP 9KBHBAJICHTHOM KOHIEHTp ally cyabcdata ne ’ 
XlopaTa HaTpHa (pc. 3). Pe3Koe cMellleHHe MOTeHIMasa TaCTHYHO MACCHEYE 
BaHHOrO 9eKTpofa HaOsOfjaeTcA TakrKe B pacTBOpaX C BbICOKOH KOHICE® 
velit cepHoli WM XpoMoBoit KucJoT (puc. 1, KpHBbIe O 6, puc. 2, KpuBale 
VismeneHve 4Ca OOOpoTOB Bpalllarollleroca SeKTPOfa, KOTOPOe TakKKe 
BOT K H3MCHEHMIO CTaLlMOHapHOM KOHUeHTpaulM KOMMOHEHTOB peakuun (15 
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Puc. 3. Bausanne KonuenTpaunu coseli: 1—CrOg—3 mon/an, H2SO4 

0,5 mon/n; 2—To xe, uTo I u Cro(SO4)3—4,5 r-3KB/; S—TO Ke, 

uto J u NasSO4 — 4,0 r-akp/n; 4— Toxe, uro 7 wn NaClOs — 
4,0 r-9KB/a; i = 20 ma/cm?, ¢ = 25°, w = 550 06/mMuH 


CTHOCTH TpeXBaJIeHTHOrO XpOMa) B MpHIIeEKTPOAHOM cJI0e pacTBopa, MpakT 
CKH He OKa3bIBaeT BIIMAHHA Ha NOTeHLMasbl BepXHero H HHXKHero yuacTKa MMC 
PH3alHOHHOM KpHBOH HW Ha AMMTebHOCTb AKTHBHOFO COCTOAHUA SNeKTpOMal 

OnucaHHble ABJICHHA CJleyeT paCCMaTPpHBaTb Kak TOPMOXKeHHe IIEKTPC 
MHYeCKOH peaklMH, a He KaK H3MeHeHHe ee MPHPOAb, TAK KaK Mp NOTeHWHA! 
Kak BepXHero, TaK H HWKHETO YPOBHA KPHBOM Mo TepMoAMHaMM4eCKHM Npy 
HaM €JMHCTBEHHOH CTALMOHAPHOH SIeEKTPOAHOH peakUweH B JaHHbIX YCJIOB 
ABJACTCH PEAKUMA BOCCTAHOBJICHHA LeCTHBaJIeHTHOrO XpOMa JO TpeXBaJIeHTH? 

SKCHepHMeHTAaIbHble JaHHble, MoMyYeHHble B HacTOALeli paOoTe, MpoT! 
pevaT Mpefnoso%Kenvio O TOM, YTO MpHYHHOl TOPMOXKeHHA peakUMH ABAE 
oSpasoBanHe y KaTOAa AuadparMbl U3 TpyHOpacTBOpHMbIX COeAMHEHHM Tpe? 
JieHTHOrO XpOMa. OTO BbITeKaeT H3 He3AaBHCHMOCTH ABCHHA YaCTHYHOM mac 
Bal OT 0OaBOK TpeXBaJIeHTHOrO XPOMa B paCTBOP H OT CKOpOcTH Nepé 
WMBaHHus. | 

IIpeactapineTcA BepOATHBIM, UTO ABJIEHHe YACTHUHOM MaccMBalHu CBAs 
C H3MeHEHHEM COCTOAHMA OKHCHBIX CO€B Ha MOBEPXHOCTH 2IeKTpOa, NPOUC 
AAULMM OHOBpeMeHHO C MpOTeKaHHeM peak BOCCTaHOBJIeHHA XpPOMO 
KHCJIOTHI. ITO BbITeKaeT, B YACTHOCTH, 3 9KCIEPHMCHTAMbHbIX JAHHbIX, corsa 
KOTOPBIM Bce (akTOPbl, CMeLllalolllMe NOTeHUMA AKTHBHOrO Z1eKTpoa B MIC 
XKUTCJIbHYIO CTOPOHY, OMHOBPEMEHHO TIPHBOAAT H K YBeHYCHHIO JVMUTeJbHC 
aKTHBHOPO COCTOAHUA SuleKTpoga. B nomb3y Takoro npescTaBseHHA TOBO 
Take H OMbITbI NO H3YYeHHIO BAMAHHA NpeABapHTeAbHOM OOpa6oTKH JeKTPL 
IIpeaBapuTenbHad KaTOQHat NOMApH3auNA ZeKTPosa B pacTBOpe XpoMo 
KHCJOTbI NPHBOAUT K HCYe3HOBEHHIO AKTHBHOFO Y4aCTKa KPHBOH WH, BO BCA 
culyuae, K pe3KOMY COKpallleHHto eFo MpH NOBTOPHOM MOMApHsallHH Nocwe Kpat 
BpeMeHHOrO MepepbiBa ToKa. IIpH ANuTebHOM NepepbiBe SeKTPO «OTAbIX: 
MH MPH MOBTOPHOM BKJIOUCHHH MOMAPH3aWH NOKa3biBaeT HOPMabHOM oy 
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BYIO C «AKTHBHBIM HW «NO yNaccHBUpOBaHHbImM) yuacTKamu. JlenaccuBauna 
BKTpONa He yCKOpAeTCH, ECM BO BpeMA NepepbilBa CMCHHTb PacTBOp 2/IeKTpO- 
a. Ofnako TIpH BOsJelicTBUM cNaOol aHOAHOM NOMApPHsalHU ZeKTPO OUeHb 
po (3al—1,5mun.)focTuraeT cBoero HOpMasIbHoro aKTHBHOrO cocTosHua. He- 
MIbKO NO-Apyromy BejleT ceOA 3eKTPOA UPH NpeBapUTeAbHOK CHIbHOM aHOL- 
ToApH3saunW Kak B pacTBOpe XPpOMOBOM KHCJOTHI, TAK M, HallpvMep, B pac- 
pe cepHol KucsoTbl. B stom cyyae pH Nocawesyouleh KaTOAHOH Noapusa- 
| 9M€KTPOMa B pacTBOPe XPOMOBOH KUCJOTHI BepXHHM y4acTOK KpMBOH Nos- 
TbIO HcuesaeT UH JeKTPOA paOoTaeT TOMbKO B YaCTHYHO NaCCHBApOBaHHOM 
TOAHUM. M3MeHeHve COCTOAHHA SJIeKTpOa HEOOpaTHMO— 93/IeKTpO He «OTIBI- 
iT) H He BOSBpalllaeTcH B aKTHBHOe COCTOAHHe. 
}lpu PaCCMOTPeHHH H3JIO%KeHHHIX BbIWe AaHHbIX MO BJIMAHHIO OOMbUOM KOH- 
TpallMH PacTBOPeHHbIX BellecTB HeEOOXOAMMO YyuecTb, YTO MPH. BbICOKHX 
HHBIX KOHUCHTPaWusAX BO3MO%KHA arperalldA HOHOB XpOMOBOM KHCJIOTHL 
{OHbI NOJIMXPOMOBbIX KHcoT Cr,O035 uv Cr,Oj3. M3menenve noTreHuMasa Boc- 
HOEJICHHA XPOMOBOM KUCJIOTHI B TAKUX PacTBOpax ECTECTBEHHO NO3STOMY OObAC- 
tb W3MCHCHHeM IIPHPOJbI YacTHU, COfepKalllMX WECTHBAJICHTHbIM xpom. MuTe- 
HO OTMETHTb, YTO B AKTHBHOM COCTOAHHH SJIeKTpOJla Takoro JeHcTBUA MpH- 
ins WacTHIL Ha CKOPOCTb BOCCTAHOBJIeHHA He HaGwroOfaetca. 
Wsnoxenuble Bbile JaHHble TOBOPAT B MOMb3Y TOO, YTO AKTHBHOMY COCTON- 
10 SJICEKTpOMa COOTBETCTBYIOT HEKOTOPble CPOpMbl NOBepXHOCTHbIX OKHCJOB, 
CTETIEHHO HCuesaICc Ie B XOJe KATOAHOM NOMAPH3allHH HW BHOBb OOpasyrloulMeca 
@ MATKOH aHOAHOK NONApPH3alHN yruid. OTH OKNCbI NHOO CaMM yUacTBYIOT 
“pollecce, HOO cNoccOcTBYIOT BO3HHKHOBCHHIO AKTHBHbIX YYaCTKOB Ha TIO- 
XHOCTH 3NeKTPOa, Ha KOTOPbIX Mpoulecc BoccTaHoBseHua Cr,O; ufeT serye, 
M Ha OCTaJIbHOH NOBepxXHocTH. YcKopeHhe Mpollecca BOCCTAHOBJICHHA Ha ITHX 
aCTKaX, BO3MO2KHO, CBA3AHO C TEM, UTO Ha HHX BOCCTAHOBJIeHHe HeT yepes 
a30BaHve TpOMeKYTOUHBIX MOBEPXHOCTHBIX COeAHHEHHH, B TO BpeMA Kak 
| HEaKTVBHOH MOBepXHOCTH TPOHCXOANT HenocpeAcTBeHHOe BOCCTAHOBJIeHHe 
HOB XPpOMOBOH KHcJOTHI. IIpH RocTaTouHOH SHeprHuu afcopOuHH MpomMexyTou- 
IX CO@MMHEHUH, 3HAUMTeMbHaA YaCTb AKTHBHBIX YYACTKOB MOET ObITb 3anou- 
|Ha HeE3aBHCHMO OT Toro, B KaKOH (opMe WeCTHBAJICHTHbIM XPOM HaXOJMTCA 
aCcTBOpe. ITUM, B YACTHOCTH, MOXKHO Oblio Obl OODACHHTb, MOYeMy MpHposa 


i 


1 GaCTHYHO MecCHBHpPOBaHHOM JIeKTPOse, Ha KOTOPOM NpOMexKYTOUHbIe NOBepx- 
DCTHbIe COeMMHEHUA He COpasyriorcs. 

SApmenHe “wacTMUHOM MaccvBalluM yrouIbHoro 9JeKTpOa MOMKHO, TaKHM 
pa30M, pacCMaTpHBaTb KaK H3MeHEHHE SJIEKTPOXHMHYECKOLO ME XaHH3Ma peak- 
WM BOCCTAHOBJICHHA MOHOB IleCTMBaJIeHTHOrO XpOMa B TPeXBaJIeHTHbIM XpoM, 
jer yniaiouree BCJIEACTBHe H3MCHEHHA COCTOAHUA OKHCHBIX COe€B Ha MOBep XHO- 
W 9eKTposa. 

KauecTBeHHO aHaslOorvuHble ABJICHHA HaOmOarioTcA Ha MHEPTHbIX 3JIeKTPO- 
1X H3 TlWaTHHbI VW 30V10TA. 

Bpipaokaem OnarosapHoctb akayq. A. H. ®pymKuny 3a WeHuble CoBeTbI NpU 
CYKICHHM Pe3yJIbTaTOB STO padorTHl. 


TocynapctBeHHbl COrm3HbIH Tloctynuo 
Hay 4HO-HCC1eOBATEN bCKHH 5 If 1957 
SJIEMCHTHO-2/IEKTPOYTOJIbHBIN + HHCTHTYT 


WHTHPOBAHHAS JINTEPATYPA 
1E. Miller, Zs. Elektrochem.. 32, 400 (1926). ? E. Libreich, Zs. Elektro- 


m., 27. 94, 453 (1921); 40, 73 (1934). 3H. A. Barbiand, McNulty, Trans. 
sctrochem. Soc., 91, 387 (1947). : 
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Jloxaanm Akagemun nayk CCCP 
1957. Tom 115, Ne 3 


BHOXH MS, 


E. E. UWIMMOHAEBA 


CPABHUTEJIBHOE H3Y4EHHE CBOMCTB TPOMBOTPONHHA, 
Ac-rJIOBYJIMHA HW ®AKTOPA VII | 


(pedcmaeaeno axajdemuxom B. A. Dueeabeapdmom 7 I 1957) 


B page pa6or, NOcBALeHHbIX HCCJIeEOBaHHIO TIpolecca CBepTbIBAHHA KPH 
yKa3bIBaeTCA Ha CYLICCTBOBaHHe B KPOBH YeJIOBeKa HW 2KHBOTHBIX KOMMOHEH 
yCKOpsIOMMX MpeBpalenve mpoTpomMOuna B TpoMOuH. YctanoBseHo lH 
YTO B €CTECTBEHHOM Tpolecce CBepTbIBAHHA KPOBH Y4AaCTByeT BellecTBO, {6 
BaHHOe TPOMOOTPOMMHOM, KOTOPOe TpeBpalllaeT HeAKTHBHY1O IIPOTPOMOOKHE} 
B €@ AKTHBHYIO (bopmy — TpOoMOoKHHAa3y. 

HesaBucHMO OT 9THX UCCHeAOBAHHH Obi ONMCaHbI elle ABa PakTopap 
Ac-rmo6yauH u cbaxtop VII, Koroppie yckopsioT mpolecc mpeBpaljeHua Te 
tpomOuHa (°7*), OTH KOMMOHeHTHI TakxKe IPHHHMAIOT yyacTHe B OOpasoBall 
“rTpom6onsactnHa (13-14), I 

Tpom6otponuu, Ac-rmo6ymun u cbaxTtop VII umeroT mHoro OOMMX CBOF, 
(7,6-8,41,15)) YuntTpipad, TO 9TH KOMMOHEHTbI ObWIH OTKPbITbI HeSaBHC 
jipyr OT Apyra HM UX M3yyYeHHe NPOBOAMMOCh B Pa3sMHUHbIX YCNOBHAX HU 
HbIMH MeTOJAMH, MOKHO IIpeMONOKUTb, YTO OHH TORMecTBeHHE!. C Apyrou ¢ 
POHbI, MO He€KOTOPbIM CBOMCTBaM OHH OTIHYAaIOTCA pyr oT Apyra (7,1, 16-§ 

Bompoc 0 6HOXHMHYeCKOM TOKTECTBEHHOCTH HIM pa3sHyHu TpOMOOTpoN 
Ac-ro6yuHa H cbaktopa VII ocraerca He BbIACHeHHbIM; BMeCTe C TEM H3Y4El 
3TOrO BONpOca HEOOXOAHMO IA BbIACHeHHA H YTOUHCHHA MexaHH3Mma TIpole; 
cCBepTbiIBaHHaA kpoBH. Llenbio HacTosei pa6oTbl ABHIOCb CcpaBHUTeJIb | 
usyyueHHe CBOHCTB TpoMOoTponHHa, Ac-rmo6ymuHa u cdaxTopa VII u ua 3° 
OCHOBEe BbISCHCHHe HX HCHTHYHOCTH HIM pasmM4dHa. 

OKCHEPUMeHTHI MPOBOAMIMCh Ha OesbIX KpbIcax Becom 150—200 r. Kposp 6} 
JlaCb H3 APeMHOM BeHbl. Konyentpalua TpoMOOTponMHNa OMpesemAacb MeTOD 
Bb. A. Kyapsmosa ('). Konwentrpauua Ac-rno6ymuna—metogom KsuKkat 
OrHocuTebHad KOHWeHTpaua Ac-rmo6ymMHa B W1a3Me KpBbIC onpefemAmach , 
iukasie, paspaOoTaHHoli Hamu pauee (*4), B HAaCTOAIeM HCCeqOBaHHH YMC 
KUBOTHBIX, HA KOTOPBIX paspaOaTbIBasaCb 9Ta WKaa, ObWIO YBeENHYeHO MO 4 

Onpejenenne KOHWeHTpauHH cbakTopa VII B cHIBOpOTKe KpbIC MpOBO_MAC 
metoyom Anekcanyepa, Jie Bpus u Tomgcreiina (1°). Mero ocHoBaH Ha H3Mel 
HMM MIPOTPOMOWHOBOM AKTHBHOCTH HOPMaJbHOH OKCaaTHOH mla3Mbl pH | 
OaBeHHH K Hel CbIBOPOTKH, COfepxKalleH daxtop VII. [Ina onpeyemnen 
OTHOCHTEJIbHOM MPOTPOMOHHOBOM AKTHBHOCTH B Mla3Me KPBbIC C HCMOb3O0BaHH 
KPbICHHOrO TpOMOONJacTHHa HaMH Oplwla paspaGoTaHa WikKasla H3MeHeHHA < 
THBHOCTH MpOTpOMOHHA B 3aBHCHMOCTH OT ero cOsepKaHHA B Ia3sMe. 3a 10( 
OblIa IPHHATA AKTHBHOCTS OKCaaTHOM KpbICHHOli Wa3Mbl, pas6aBseHHO! TW 
MOM KpbICbI, H3 KOTOpOM Obl yasleH MpoTpOMOuH OO6paboTKOH BaSO, B OT! 
menHuH 1:9. [lomumo sroro onpegenanuch 50, 25, 10 u 1%-e KOHIUeHTpalll 
(la OCHOBaHHM NOJYYeHHbIX JAHHIX Ob MOCTpoen rpadbuK MpoTpoMOMHOR 
AKTHBHOCTH (puc. 1). 

CpaBuenve TpomOotponnna, Ac-rno6ynna u daxtopa VII nponssoqua 
Ha Oa3e H3y4eHHA UX CBOlicTB B OMBITax in vivo u in vitro. B npo6ax Kpol 
B3ATOH Y OMHOO HW TOPO Ke 2KHBOTHOPO, OMHOBPeMeHHO ONpeeANMCh KOHIL, 
Tpalun Bcex (akTopos. Y3menenue KOMNOHEHTOB BO BpeMeHH TpocexKH 
JlOCb Ha OJHOM H TOM K€ XKHBOTHOM. 
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CpaBuuTenbuHOe u3B8yueHHe [cBOHCTB TpPOMOOTDHO- 
a, AcrnoOynaunHau hdaxtopa VII npu anyuesonk 6o- 
HM. Jlannaa cepHa SKCHepHMeHTOB Obina |npoBeyena Ha 213 xnBOT- 
AKuBotupie c Becom Tela or 150—180 r, o_noKpaTHo o6ny4annep 
wu Peutrena (q03a 500 1). Bip 
OJIbHBI€ KHBOTHBIE OOY- 

He moyBepramuch. Y Beex gp 
THBIX JO OOYYeHHA TpoBe- 
Cb KOHUEHTpaluaA TpOMOoTpC- 


, Ac-ruo6ymHHa Hu daKTopa - 
KposBb y OOJIYYeHHBIX H KOH- 8 ap 
bHBIX XKHBOTHbIX JIA Ompe- & 
HUA KOHLEHTpalwyu Tpoyoo- . 
vna, Ac-rio6ymuHaudaxtopa ¥ ee 
HOpanacb Ha 7—8, 9—10,12— & 


Ru nocne o6myyenua. Y pur- “% 
PumMxX %XKHBOTHBIX ONpeyeneHHa 
fpommsuch Takxe na 15 penn 9 79 “yay age 22028 
me OOyueHHaA. Kak BHHO H3 

| 2, CpeqHAA KOHUWEHTpaluA Puc. |. Bpema cpeprsipanna oxkcanaTHoll nasMbi 
AOOTPOTINHA B KPOBH KppbIc JO KDPbICbI (pH 37°) B 3aBHCHMOCTH OT KOHIeHTPallHH 
W4eHuA paBuanach 93%, Ac- B Hel mporpomOuna 

xynnHa 93,3% , baxtopa VII— 

%. Ha 7—8 jenb nocne O6nyyeHHa HaGsOfam0ch MOHMKeHHe B KpPOBH 
mMeHTpaunH daxtTopa VII u HexoTopoe noHMxKeHHe cofepxKaHna Ac-rno6y- 
ha. OHAKO cpeqHAA KOHWeHTpawua Ac-rno6yiHHa Opiia elle B npesenax 
oe HOpMbl. TpomOoTponvH ocTaBasicd Ha TipexKHeM u3HOs0- 
ropa VII (380%). Konnentpauua Ac-rmo6ymuHa TakxKe 3aMeTHO TOHMKa- 
b, MOcTHras B cpequem 53,4%. Ho na 12—13 yenb nocne COy4yeHHA OHA yxKe 
HBpalllayiacb K NlepBOHAYaJIbHOMY ypOBHIO. Konwentpauua daxropa VII naun- 
[a Me€JICHHO BOCCTaHaBJINBaTbca Ha 12—13 JeHb HM MOUTH Y BCeEX MKHBOTHHIX 
[Tara HOpMbI Ha 15 yeHb nOoce COnyyeHua. KonnenTpalnn H3yyaemblx (bak- 
OB Y KOHTPOJIDHBIX XKMBOTHBIX KOeOalHcb B TipefesaxX HOpMbI B TeyeHHe 
TO Bpe€MeHH ONbITA. | 

2,.CpaBHuTeaAbHOe H3Y4YeHUNe TPOMOOTpPONUHA, Ac- 
o6ynuHa uw daktTopa VIIB KpoOBH Kpbic TNOCHe AH B- 
Nuun AuKyMapunHa. Jlannaa cepua 9KCNePHMeHTOB Obwia NpoBeyena 
|180 »xnBoTHEIX. KpbicaM BHYTPHMBIWeYHO BBOAMICA pacTBOp AukyMapuHa 
pacueta 10 mr Ha 200 r Beca Tena. KOHTPOJIbHBIM 2KHBOTHDIM BBOAHJICA TOMbKO 
TBopHtenb. Ilepeyq BBeeHHEM HKyMapHHa HM yepes KaxypIe 24 uaca Nocwye 
bEKIMH Y 2KHBOTHBIX Opasacb KPOBb JIA ONpeAeeHHA KOHMEHTpalluu TPOCM- 
rpomuna, Ac-rmo6ymuHa u caxtopa VII, Cpequaa KOHMeHTpaluaA u3y4uae- 
X (pakTOpOB JO BBeeHMA JHKYMapwHa paBHANacb: TpomOoTponnHa 98%, 
-rmo6ymuHa 87%, daxtopa VII 86%. : 

Uepes 24 vaca mocne uHbeKuuH TpomOoTponuH u daxtop VII mourn non- 
CThIO HCUeSaJIM H3 KPOBH, B TO Bpems Kak Ac-rioOyJIMH OCTaBasicA B mpeye- 
X (PHUSHONOrHYeCKOH HOPMbI H COXpaHAJICA Ha STOM ypOBHe B TeyeHHe BCero 
eMeHH OnbITa (96 yac.). KonnentTpauua Tpom6otponuna u daxtopa VII na- 
Hala BOCCTaHaBJIMBaTbea yepes 48 yac. noce Hayama ONbITa H ocTurasa 
3HONOrHYeCKOrO ypOBHaA yepe3 96 yac. HyxkHO OTMeTHTb, YTO YPOBeHb CO- 
yKaHHA cdbaxTopa VII noHMxKaNCA HeECKOJbKO OObINe, YeM YPOBeHb TPOM- 
rponuna. KonueHTpauHa u3yyaemblx (hakTOPOB Yy KOHTPOJIbHbIX 2XHBOTHDIX 
meOalacb B Mpeqenax HOpmbI (prc. 3). 

Tlonyuennble JJaHHbIle CBUJeTeIbCTBYIOT O HapylieHuu OMOCHHTe3sa TpOMOo- 
muna wu daxtopa VII npn BeeyqenHu KpbIcaM AMKyMapHHa, B TO BpeMs kak 
ScuHTes Ac-rmo6yimMHa He H3MeHHeTCH. 


Ss 
2 
8 | 
= 


ta. Ha 9—10 yenb mocne O6yueHua HaOmIOaNOch alwbHeliee Nagenue 
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31 Sy Denne TpomMOoTponuHa, Acrmo6y 1MH 
gaktopaVilnpu TeMneparypwom BosReHCTBUH.@ 
nposoqusucb in vitro. AKTHBHOCTb TpOMOOTPONMHHa H3yyallacb B oxcae | 
mla3Me Kpbicbl, Ac-rmo6yHHa — B Mla3Me KpbICbl C yaJieHHbIM nporpe™ | 
(agcop6una Ha Ca;(PO,)2), baxtop VII H3y4aJICA B CbIBOPOTKE. cant 
BCeX TpeX HCTOUHHKOB Oblla OMMHAKOBOU (pH KoneOanocb B Npefeiax 
8,35). [lma3ma M CbIBOpOTKa, HaJHTbIe B MpOOMpKH, HarpeBasHcb Tp! 


oS 
S 


Konuenmpayus 


20) 


7-6 9-10 12-19 15 oned 


Puc. 2. Cpequaad KOHUeHTpanHA TpomOoTponuuHa (/ —onbit, Ja — KoH- 
Tpob), Ac-ro6yuHa (2 — onbit, 2a — KoHTponb) udaxtopa VII (8 — 
OMbIT, 3€ — KOHTPOb) B KPOBH Kpblc BO BpeMA JIy4eBOH OomesHH 
47 u 50° B Tegennve 10 Muu. Ha BOAAHOH Gane. Ilocne HarpeBanua onpexen 
KOHIGHTpauHaA H3yyaemprx daktTopos. JlomyyeHnple pe3ybTaTbl mpey 
JIeHbI B TAG. 1, H3 KOTOPOH BHAHO, 4YTO BCe 3TH (haKTOPHI MaOHMbHbI, OCO 
Ta6auua 1 


Vismenenve ak1HBHOCTH TpomMOoTpomuHa, Ac-rio6yiuHa B Mta3Me H dakTopa , 
VII B cbIBOpoTKe KpbIC Noce HarpeBaHHA j 


CpemHee come pokanne Temne- Cpequee coyep»kaHne nocae Harpe- - 
e mo HarpeBanna B % patypa | Bpema Ha- BaHHA B %, \ 
aoa a j Harpe- |rpepanua B 
ONBITOB | TPOM~ | Ac-rno-| dbaxTop | BaHua Rante Tpom6orTpo- | Ac-rno6y- aktTop 
60TPO-| 6ynuH Vil Bac nu JIMH VII 
T1HH 
20 86 92 85 45 10 68,3 45 61,8 
20 86 92 85 47 10 45 29/4 4 
20 86 92 85 90 10 7 U 39 


Ac-rioOyJIMH, KOTOpbIi yxKe 1pH 45° TepsxeT MOOBMHY CBOel AKTHBHOCTY, | 
BpeMaA Kak qaxTop VII uw TpoMOoTponHH H3MeHAIOTCA He3HA4UHTeMbHO. | 
top VII mpu 950° 6onee yctoliuus, yem TpomOotponuH u Ac-rio6yaM 

Tloryuennpie B HacTOsIeH paOoTe pe3syibTaTbI CBUeTEbCTBYIOT O 
yTO TpomMOoTponuH, Ac-rno6yiuH uw cbaxTop VII aBaarorcs pa3snH4HbIMH KO 
HeHTaMH KPOBH, OOJlaalollMMH HEKOTOPBbIMM OGOULMMH CBOMCTBaMH. | 

Ac-ri06yiMH SBJIS@TCA KOMMOHEHTOM, HeOOXOAUMbIM JWI MpeBpaLy 
MpOTPOMOHHA B TpoMOuH. Ero Helb3A OTOXKACCTBHTb HH C OMHUM H3 Jp 
M3BeCTHBIX (akTOPOB CBepTbIBAaHHA KpoBH. Daktop VII no pagy cBo 
CXOJe€H C TpOMOOKHHA3OH, H ero, NO BCel BEPOATHOCTH, MOXKHO OTO*KTecT 
¢ TpOMOOKHHAa30 KpOBH, 

IIpopeqeHHble SKCHepHMeHTHI MO3BOMAIOT CAeNaTb Takx%Ke HeKOTOPHIe H 
THYCCKHE BbIBOJBI. 

Hispectuo, uro mp syyeBol ConesHu nponcxoguT HapylleHHe CBepT 
€MOCTH KPOBH, OHOM 43 IPHUMH KOTOPOrO ABAAeTCA H3MeHeHHe (pak TOpoR cBe 
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@ia (18,2022), Kak BaHO H3 NOJYYeHHBIX pe3ysbTaTOB, TpOMOOTpOMHH He 
qeTCA IPHYHHOM NMOHHKeCHHOM CBePTbIBAeMOCTH KPOBH pH JIyueBou Oo- 
HM, Tak Kak erO KOHILGHTpallHA B KPOBM OOJIYYCHHbIX XKHBOTHDIX He H3Me- 
CA.OTH JaHHbIe COrsacyloTCsA C JAHHbIMH, MOJYYCHHBIMH paHee BAOOpaTOpUuH 
. KyApswosa, Ac-rm06yHH He OKasbiBaeT OObINOrO BIMAHHA Ha Hapyle- 
To 
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Puc. 3. Cpequaa ito a oe (1 —onpit, la— 

KOHTpowb), Ac-rno6yauHa (2 — onbit, 2a — KOHTpob) 4 axtopa 

VII (8 — onbit, Ja —_KOHTpo.b) B KPOBH KPbIC, NOyYaBLIMX HHbeK- 
WHIO JuKyMapuHa 


fe TIpollecca CBepTbIBAHHA KPOBH IIpH My4eBOH Ooe3HH, H ero Heb3A OTHECTH 
OCHOBHbIM KOMMOHeHTaM, HeOCTaTOK KOTOPbIX BysleyeT 3a COGOM KPOBOTO- 
mBocTb. MaxTop VII MoxHO CUHTATb OJHHUM H3 KOMMOHEHTOB, CHH2KCHHE KOH- 
PHTpalluH KOTOPOrO TIpH Jy4YeBOH OonesHH cmocoOcTByeT KPOBOTOUHBOCTH. 
BeyleHue MKYMapHHa BbISbIBAeT Pe3KOe MafeHHe KOHUeEHTpalluH TpOmMOOTpoO- 
mua vu cbaxtopa VII. Ilosromy AuKymMapHHOBylo TepanHio ceqyeT MPOBOAHT 
DH OOA3ATEIbHOM KOHTpOsle COfepxaHHA TpOMOoTponuHa uw daxtTopa VII. 


MockoscKuli rocyqapcTBeHHbId yHHBepCHTeT Tloctynus10 
um. M. B. JlomoHocopa 2! XI 1956 
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Jloxnanu Akaywemuu Hayk CcCccP 
4957. Tom 445, Ne 3 


XHMHYECKAA TEXHOJIOL 


Axanemuxk AH Asep6CCP M. ®. HAIMEB, T. H. IWAXTAXTHHCKUU 
uv Il. B. KAPAM3HEH 


PA3BUTHE TEOPHU PEWMPKYJIAWMOHHbIX MPOWMECCOB 


IIpeyiaraemblii B HacTosMeli craTbe MeTO{ pacueTa, pasBUBaxd TeOpHlo peL 
Ky Jt (1, 2), MosBoOuAeT OUeHUTb 2ppeKTMBHOCTb J0O0 KOMMJIeKCHOM XH 
yeCKOH NepepadorKH CbIPbsA He TOJIbKO BHYTPH OMHOrO IipeAMpHATUA, HO UB I 
emaX pasJIM4HbIX B3aMMOCBHA3aHHBIX XHMMYeECKUX Mpolleccos. HanOouee 
mad cXeMa, H300paxKarolllad CHCTeEMY KOMIIJICKCHbIX COMP AXeHHbIX XHMHYeC 
TIpolleccosB, IpwBeyena Ha pc. |. Ha cxeme NapaMerpb! NepBow rpynubi 0 
ILECCOB C 3aaHHbIMM MOMIHOCTAMH NO CbIPbIO OOOSHAYeHb! UHeKcaMu Oe3 WIT 
XOB, MapaMeTpbI BTOPOH FpyNMbl MpolleccoB OOo3sHayeHbI HHeKCaMH CO UIT 
XaMu. 

B cxeme pvc. | BBefeHb! cleAyroulne O6C3HaYeHHA: 219, Lo. + + Lvoy | 
wey Zmo — Barpy3ku 1, 2,..., ¥, ..., mM PeaKTOPOB He3aBHCHMBbIM KOJIMUeCTI 
CbIPbH (3aaHHbIM); 2179) Lor ++) Lvo» «+» Lm — 3arpy3KH 1’,2’,..., Vv, «4, 
peaKTOPOB 3aBHCHMbIM KOJIMYeCTBOM CbIpba. HesaBHucHMble MH 3aBHCHMbIe 
TPy3KH PpeaKTOPOB CBeXKHM CbIPbeM COCTOAT H3 CeAyIOueH CMeCH KOMMOHEHT 


f 
Ly = yy Evoiyx. Evo. = > eS yO: ius i 


i=A v=Al 


Te bys Avy Bus, Coemenenin S11) Qype tnt cA ee ae 
Sell 2 acco nellden  SACC bow Lan o@ any «oer Sonat eee Oo sarpya 
1, 2,...,%,...,M peakTOpOB pH yCTaHOBHBINeMCA COCTORHHM C He3saBHi 
MBIM KOJIMYCCTBOM CBEKeCH B3arPy3KH; Lim, Loins» ++ Qyiny +++ Zmin — 0OW 
sarpy3kH 1’, 2’,...,v’,...,m’ peaKTOpOB Ip yCTaHOBUBILIeMCA COCTOAHI 
C 3aBHCHMbIM KOJIMYeCTBOM CBexel SarPpyY3KH; %,y) yz, —— BECOBbIe JOH KOMI 
He€HTOB, MOBTOPHO MoyBepraeMbIX XHMHYeCKOMY IpeBpatwenuio. Tleppui ¥ 
eke Tp & OsHayaeT, H3 KaKOrO peakTOpa HUJeT, BTOPOH—B Kako pee 
TOP HOCTyNaeT MOTOK, a TpeTHit— KaKOli H3 KOMMOHeCHTOB CbIPbA KaKC 
peakTopa mpeqcrapaser Janvad BecoBat Mom. CorsacHo oOmel cxeme Fr 
TOKOB (puc. 1) BbIpaxkeHHA MaTepHabHOoro 6amaHca MOKOMMOHeEHTHO I 
KaxkOro peakTopa KaK C He3aBHCHMbIMH, TaK C 3aBHCHMBbiIMH KOJIMUeCTBAal 
CB@KerO ChIPbA Ip YCTAHOBUBIUEMCHA COCTOAHHM CHCTeMBI OYYT: 
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Evni, == Suni, = i > Hy) viy Q(v) n+ py < yi, Bvin 
ry 


(v)=1 yoy 
m7 m’ { 
Svat, 3 ore Dy tri Ge FD Gy yet, Soom 
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Litrance PpeakTOPbl C He3aBHCHMbIM H 3aBHCHMbIM HUTaHvem. 
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Cneyer Buere B Ae uTO npHReqennas enero Nay (2)eaB ons BAe 


DCTOHT 3 y ry + y ae ypaBHeHuh, COME p 2K all ux y frytm+2 y rom 
v=1 ae v= zh yl=1/ 


RCHSBECTHBIX. 


of 


ES eS SSS} 


Puc. 1. O6ujan cxema cucTeMbI COIMPAXKeHHbIX KOMMJICKCHBIX IPOMeCCOB 


B culyuae, KOrfa BCe P€aKTOPbIl HMCIOT HE38aBHCHMOe NHTAHHEe, pce BeJH- 


m m 
HHbI CO IT pHxaMu OTHaaloT HU OCTAeTCA >, Ty ypaBHeHuit & S fy tm He- 
v=1 v=1 


H3BECTHBIMH, B CJIyuae, KOTJa BCE peaKTOPbl HMeClOoT 3aBHCHMOe MHTAaHHe, 
Kak ObIJIO OTMCUeHO, MHHAUMYM XOTA Obl KOJIMUeCTBA Coe KOMITOHEHTAa 


CYHMTACTCA 3alaHHbIM, TOra wcNO ypaBHeHHH Oyyer y fi, a qMCHO Hes 


Fs =]/ 
m’ 


3BeCTHBIX 2 > Cy +m — 1, 
v= 
Kak BHJ{HO, BO BCeX CJlyuaax YMCJIO HEH3BeECTHHIX OOJIbIUe, YeM UNCIIO ypaB- 
HHeHHL. 

OjHako, YYHTbIBAA YCJOBHA NOcTaBJIeHHOM 3aauu, CBOAAMIMeCA K TOMY, 
fiTO B CHCTeMe peaKTOPOB C 3aBHCHMbIM IIMTAHHEM COOTHOLIeHHA KOMMOHEHTOB 
IB KaxKJIOM peakTope ae B 3ABHCHMOCTH OT COOTBETCTBYIOINeH OOmel sarpy3- 
KM W3BeCTHbI, MO2%KHO HallMCaTb ONOJHUTeIbHO elle Cueqyiouly¥o CucTeMy 
ypaBHenni: 


Evini,, 


Tloyctapaa cuctremy (3) B peek (2), NowyauM: 
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ESTES 


BuaaroqapaA 2TOM MOACTaHOBKe YHCIO HEM3BECTHBIX YMCHbUIMJIOCb Ha > tes 


mt m’ 


, , { 

nosTOMy B cHcTeMe (4) Tellepb CcOjepxXHTCH yy fytm+t > ry +m Heusy 

¥=1 v=]! 3 

BECTHBIX, YHC.IO %Ke yYpaBHeHHit OCTaIOCb TO %e, YTO M B CHCTeMe (2). 
J\1a peaKTOpOB c He38aBHCHMbIM CBe2%KHM TIMTaHHeM 


a i 

oe > Evniy’ (: 

i=A j 

Tlogerasaaa (5) B (4), nowyaHM: 
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m’ 
yw Bvin = Svoi'y, Mp; Ayyrit Syn + Sy L(y) yrity Lv’) ny 
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m! 


Ilocae sTOH MoycTaHoBKH cucTema (6) cocTOHT H3 m-—+ pe r., YpaBHeHy 

(es (i 

wv v= 

MW coqepxKuT m+ ae ,-+ m’ HeH3BeCTHBIX, T. €. UHCJIO HeEH3BeCTHbIX Ha 

vee 

6obuie UHCa ypaBHeHHit. t 
Jit pewieHHua 9TOM CHCTeMbI MbI BOCTIONb3YeMCA TIpeIO*KeHHbIM OJ 

HMM W3 Hac (?) 3€KOHOM IIpHBeeHHA CMecel AIA 3afaHHOrO COOTHOLIEHHA, KC 

TOPbIM WIA TaHHOrO CbIPbA TIaCHT: B KaxKOM peakTOpe C 3aBMCHMbIM CBexKH 

TMTaHHeM NO KpalHeH Mepe OHH H3 KOMMOHEHTOB CBexKerO CbIPbA paBe 

HYJIIO (Svoir yi 0). | | 

Ecim KOMMJIeKCHad CHCT€Ma COCTOHT H3 peaKTOPOB Cc He3aBHCHMBIM 11 3¢ | 

BUCUMBIM TIHTaHHeM, TO B KaxKOM peaKTOpe C 3aBHCHMBIM TIMTaHHeM KOJIES 

ueCTBO CBexKeH 3arpy3KH OMHOrO KOMMOHEHTa MOxKeT ObITb NPHHATO 3a HY, 

eCJIM %Ke CHCTEMa COCTOHT H3 PpeaKTOPOB C 3aBHCHMbIM MHTaHHeM, TO OJHH 

KOMMOHEHTOB OAHOFO peakTOPa MO/IXKeH ObITh H3BECTHBIM, 2B OCTAJIbHBIX peak 

TOpaxX MO OJHOMY KOMMOHeEHTY MOXKHO IPHHATb PaBHbIM HYVIIO. 

Takum o6pasom, cucTema (6) cTaHOBHTCA BNOMHeE ompeyevieHHOH MOTOM) 


m’ 
4uTO OHA COCTOMT 43 m+ > r’, YPaBHeHHll HW COMep2KHT CTOMDKO Ke HEM3BECT 
w=) 


HbIxX. IIpu stom cucrema (6) 6yyeT cocToaTb u3 m+ m’ ypaBHeHHii, HMeIOuLA 
m’ 


H3BeCTHbI€ CBOOOJHbI€ WICHbI, >I r.,—m' ypaBHeHHi, WMeroulHx Hen! 
v=] 
BECTHHI€ CBOOOJHBIe WICHEI. 
Ilostomy cucTeMy MOKHO pellaTb, pasOvBpasd ee Ha Be 4acTH: 
1. YpapHeHusa C HeH3BeCTHLIMH CBOOOAHLIMM WIeHaMH, NovyyeHHEIe 
(6), O6pa3yroT cucTemy 


(I eas = S Cy n Own ek Se ry Byns 


(v)=1 
m m! (i 
\ 
Sir Bin = >) bywyit Qn a > Ay") v8 (v") ny 
v=1 (v’/)=1/ 
re veal, 2)... ele 


Tlocne Toro Kak OylyT onpesemeHb! oOulMe 3arpy3KH u3 (7), HeEOOxoLuMO 
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XOJbl PeakUHH OOecneuMBalOTCA CbIPbeM JaHHoro cocTaBa. Ecau mpHHarTie 
PBIXOMbI PCAKUMM HE COOTBETCTBYIOT COCTaBY oOmleH 3arpy3KH, TO HeOoOxo_uMo 
w3alaBaTbCA JPYrHMA BbIXOAaMN HU CHCTeMy pellaTb, NOKa He OyMeT COOTBETCTBUA 
MexKy COCTABOM 3arpy3KH UH BbIxXOaMH. 

2. KommuectTBo OTJeIbHbIX KOMMOHEHTOB BCeX BYOB CBExKerO CbIPbA, 3a 
IMCKMOUCHHEM OJHOFO H3 KOMMOHEHTOB CbIPhA KarKMoro peakTopa, MpHHATOFO 
PaBHBIM HyJO, OMpeyeinerca M3 cMelyroulero BLIPAKeHHA, MOMYYeHHOrO MyTeM 
MOJCTaHOBKH HalieHHbIx U3 (7) 3HaxeHH OOMIUX 3arpy30K B COOTBETCTBYIOMINe 
ypaBHeHua cucTempr (6): 


m m’ 
aes So as 
Eyoity, ei sa bet Byrn Da Ovi Ovn > a (| vO (0!) n? (8) 
v=] (v/)=1! 
, 
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TakuM o6pa30M 3aBepuiaeTcaA pellieHue cucTempl (6). OnHako JIA TOTO, YTOObI 
MOJIHOCTbIO 3aBePIIHTb pemleHMe cucTeMb! (2), HeoOxoqHMo: 

a) NOMb3yACb CHcTeMOH (5) H 3HaA COOTBETCTBYIOMMK Pyn, OMPeAeMIUTb MOKOM- 
‘MOHEHTHOe KOJIMYECTBO CBeExKeH 3arpy3KM KaxkKloro peakTopa C He3aBHCHMbIM 
| MHTAaHHeM; 

6) 3HaA Qyn, C MOMOLI[bIO CHCTeMp! (3) OMpeeMTh MOKOMMOHEHTHOe THTaHHe 
CBCXKHM CbIPbeM KaxKMOrO peakTOpa C 3aBHCHMbIM CBeXKHM THTAaHveM. 

Bce BapivauTbl pewieHua cHucTemMbI (4) H3JI0%KCHHBIM CMOCOOOM pH MpHHATHH 
(3a HyJIb cBexKeH O6aBKH JIOObIX mm’ KOMMOHCHTOB ABJIAIOTCA NpaBHJIbHbIMH. 
Kaxkbli BapuvaHT TpeOyeT IPHHATHA 3a HYJIb CBEXKerO MHTAHHA ONpeje/eCHHbIX 
| KOMIOHEHTOB, KOTOpPble 3apaHee 3HaATb HE€BO3MOXKHO B CHJIY HeH3BeCTHOCTH 
cocTaBa BCe€X PelHPKYJIATOB, MocTyMalolulux B Kaxkbli peaxTop. Ilostomy 
€CJIM PaCCUHTAaHHbIN BapWaHT OKa3aJICA He KeMaTeJIbHbIM, TO HEOOXOMMO 3a 
HYJlb IIPHHHMAaTb CBeKYIO 3arpy3Ky ApPyrHX KOMMOHEHTOB HM pellaTb 3aflauy 
HECKOJIbKO pa3, MOKa He OyeT HalieH %eaeMbl BapHaHT. 

O6bIuHO B KOMMJICEKCHOH XHMHMYeCKOM TlepepaOoTKe TpeOyeTcA He OTBOJUTb 
PelUpKyJATLI, a WOOMBaTbCA HY2XKHOrO COCTaBa IyTeM MOOaBJIeEHHA HEeOCTAIO- 
IHX KOMMOHEeHTOB CO cTOpOHbI. IIpu sTOM O4eHb YacTO yAaeTCA Cpa3y ycTaHo- 
BUTb, KaKOM H3 KOMMOHEHTOB B Ka2KJIOM PpeakTOpe 3aBHCHMOH CHCTeMbI HMeeT 
cBexkee NHTaHve, paBHoe HyuJIi0. 


VuctutyT neprTu Tloctynu.t0 
Axkayemuu Hayk A3epoCCP 11 Il 1957 
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XHMHYECKAD TEXHOJOTHAS 


K. M. TIOTHHA wu H. T. KYJPSABUEB 


IJIEKTPOJIATHYECKOE OCA)KAEHHE CHJIABA OJIOBO-HHKEJIb 
U3 XJIOPH}-®TOPHJHbIX PACTBOPOB 


(IIpedcmaeaneno axademuxom A. H. Ppymkunoim 23 I 1957) 


OQNeKTPoocaxJeHHe CHIaBOB Ha OCHOBE OJIOBa MpeCTAaBAeT SHAUMTeJIbHbIM! 
MHTepec JIA TasbBanoTexHuKH. IJoKpbirMa TaKMMM CIlaBaMM OTAMYAaIOTCA pA 
JIOM ICHHbIX Ka¥eCTB, KOTOPbIMH He OOJaaioT CocTaBJIAIOMMe UX MeTasbI. He-§ 
KOTOPbl€ BU[bI ITUX CIJIABOB, KaK, HallpHMep: OJIOBO—Mefb ,OJIOBO—IMHK , OJIOBO— 
CBHHELL, YCNeMIHO IPHMeHAIOTCA B MpPOMBILWJICHHOCTH B KaveCTBE 3all[MTHbIX H 3a 
IMMTHO-A€KOPaTHBHbIX HMOKPbITHH Pa3JIMUHbIX H3LeHH U3 CTaJM. } 

Bombuoe mpakTuyeckoe 3HaveHHe HM TeopeTHuecKuM MHTepec MMeeT paspat 
OoTaHHbI B NocweHee Bpems (*,”) mpotlecc seKTPoocaxKeHHA CMaBa OOBO— 
HUKeJIb, CoOsepxKaero 20 65% onoBa. DTOT cnaB OOaaeT BbICOKOM KOPpo3H- 
OHHOM CTOMKOCTbIO: OH He PaCTBOPAeTCA B pa3s0aBJICHHbIX MHHEePaJIbHbIX KUC4 
JloTax, a30THAA KUCIOTa caOo pearupyeT C HUM JlaxKe B KOHILCHTPHPOBAaHHOM 
Bue. Ilpu onpemeneHHbIX YCJIOBHAX 3SJIEKTPOH3a TOKPbITHe CNMAaBOM OJIOBO— 
HUKeJIb MOyuaeTCA OJIECTAIUM HEMOCpeACTBEHHO H3 BaHHbl, 6e3 mocexyome 
NOJMpOBKH MoBepxHocTH. Ilo BHelHeMy BAHAY ITO MOKPbITHe HaNOMHHaeT Gytec- 
TAME HHKeJIeBbIe HJIH XPOMOBble€ OCAKU, HO C MPHATHBIM POZOBbIM OTTCHKOM-(e 
Kak noka3aJI peHTTeHOCTpyKTYPHbIM aHamus (*), cnmaB Sn—Ni (65% Sn u 35%) 
Ni) npeycTaBaser co6o10 HHTepMeTassIMueCKOe COCMMHeEHHe, KOTOPOe Heb3H} 
TONYYTh ApyruM cmoco6oM, KpoMe 9dJeKTpomHTHYeCKOrO. : 

ina nowyyeHvaA NOKpbITHA HaMH pekomeHsyroTca (?) cuekylouiMe ycOBUs 
3JIEKTPOJIN3A. 

Coctap amexTpomuta: 2,1—2,5 N NiCl,+0,4—0,5 N SnCl,+0,7 VN NaF+ 
+ 1,0 VN NH,F; pH=4,0—4,5. Temnepatypa snexTpomuta 45—55°. IInoTHocts 
Toka — oT 0,5 jlo 4,0 a/am?. Brtxon no ToKy 96—98%. AnospI u3 O0Ba HU HUKe-I 
Jif TPH OTHOWeHHH MoBepxHocTeH Ssp: Sni= 1 : 20. Cpetuaa anoyquaa m0T-a 
HOCTb TOKa 0,5—1,0 a/am? o6mlel MOBepxHOCTH aHOJOB. | 

Kak H3BeCTHO, HOPMAaJIbHbIe NOTCHIMAJIbI OIOBA MH HUKEIA passMuaIOTCA IpH-| 
MepHo Ha O,1 B, NpHueM NOTeHIMa HUKEIA OTPHILATebHeEe NOTCHUMaa OOBA.4 
EcuIM 2Ke K XJIOPHCTOMY SJIEKTPOMMTY OGABUTb (PTOPUCTHIe COJIM HATPHA HW AMMO-4 
HHA, TO KATOAHBIC NOTCHMMAaJIbI BbICCHHA OOBa NpHoOperaroT Gonee OTpuIa-l 
TeJIbHbIe 3HAYCHHA, YEM NMOTCHWMAJIbI BbICCHHA HHKeJIA B TAKOM 2Ke pacTBope.t 
Tfopbiuenue KaTOAHbIX NOTCHIUMAIOB ONOBa NpH AoOaBNeHNU cTopusoB K pac-f 
TBOPY XJIOPHCTOFO OOBa NPOMCXOAMT, OY€BHAHO, 3a CueT OOPa3s0BaHHA MPOUHBIX 
KOMIIJICKCHBIX HOHOB SnF,” wv SnCl, Fy”, paspayq KoTopbix Tpe6yer NOBbILNCHHOM 
SHepruu akTHBallMH. Takum o6pa30M, B UpHcyTcTBuH dbTopuyoB ocTuraeTcal 
COJIM2KEHHE HOTCHUMAJIOB OOBa MH HUKEJIA HM CTAHOBHTCA BO3MOXKHbIM UX COBMECT- 
Hoe ocaxkeHve Ha KaTOse. 

IIpu CONOCTAaBJICHHH NOJAPHSAMOHHIX KPUBbIX BbIJeCHHA OOBa, HUKeNA! 
M ciiaBa Sn—Ni npu 50° (puc. 1) BugHo, uTo coBMecTHOe BEIeMeHHe O10Ba H HU-t 
KeJIf Ha KaTOWe MPOHCXOAMT pH Gosee NOMORKUTeEAbHOM NOTeHIMaNe, 4eM BBI- } 
ACNCHHE HHUKeIA MW OJIOBA B OTACIbHOCTH: NOMAPH3aWHOHHAA KPUBasa BbIene-4 
HHA CilJiaBa PaCNOJlaraeTCA 3HaYHTeIbHO JIEBEe KPHBbIX BbIJeCHUA OTIENbHbIX! 
MeTaoB. J\Ixt yCTaHOBeHHA BeNMUMHBI JenomApusaunn Onin NOJIYYeHbI Tak} 
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WasbIBAeMBIEe KKPUBbIe pasmomeHuA» (puc. 1, 4, 5), paccuuTraHHble Ha OCHOBe 
(AHHbIX 3HAYeHHM MJIOTHOCTeM TOKA JIA BbIAeICHHA KaxKMOrO KOMIOHeHTA cia- 
ipa. Jit STOrO MPH OTMeMbHBIX 3HAYeHUAX MOTeCHUMasOB ocaxeHHA craBa 
TIPeMeAMCh MOIM TOKa, 3aTpauyHBaeMble Ha BbIJeIeHHe KaK OJIOBa, TaK H HH- 
eI B COOTBETCTBMM C cocTaBoM cruaBa. IIpu sTOM 3aTpaTbI TOKa Ha BbIese- 
He BOMOPOa BO BHUMAHNMe He IIPHHMMAJIHCb, TaK KaK BbIXO], MeTaJula NO TOKY 
MOUTH BO BCeX CJIy4aAX Obl OMMHAKOB Hi OIM30K K TeopeTuYecKoMy (96—100%). 
Kak BHHO “3 AMarpamnpl puc. |, . 

KpHBbIe passoxenun 4 u 5 pacnono- 2/0" 

bKEHbI 3HAUHTeEIbHO JIeBpee (OM2Ke K 
WKPUBOH JVId cmwiaBa), 4YeM 9KcrIepH- 
MeHTaJIbHbIe KpuBple J u 2, MomwyueH- 
Hble Jil TEX W%Ke MeTAANOB B OTMeJIb- 
HHocTH. PagHnila B 3HaYeHNAX MOTeH- 
1MaIOB, TOJYYeHHEIX 9KCTepHMeH- 
ajIbHO UM pacueTHBIM TyTeM MpH 
mwioTHocTH ToKa 2,5 —3,0 a/zM?, co- 
icTaBseT oKOO 80 MB. 

| Takum 00pa30M B JaHHOM cJlyuae 
| M€€T MECTO 3HaUHTeNbHaA Jenoa- 
| | pusalna, oO ycOBIeHHad, MO-BAAH- 
MOMY, YMeHDbIICHHeM CBOGOHOM aHEp- 
|THH pH oOpasoBaHuu XuMM4eCKOrO 
coequHeHua — cnyiapa Sn—Ni. 
Kak Noka3asiu Halu vccyeqoBa- 
| HHA, COCTAB CIWIaBa MaJlO 8aBHCHT OT 
) KOHITCHTPalluu OJIOBa WH HHKeIA B Puc. 1. Katoquaa NOIAPH3aWNA TP IMeCKTPO- 


| QIEKTPOJMTe HM OT IPHPOMel KaTHOHA  CCHKACHHH ONORAa, NUKEM M CriaBa Sn—Ni us 
| XJOPH-PTOPUAHIX JICKTPOMHTOB pH Temmepa- 


i@ropucTHIx cone. [locnequaa, of- Type 50°: {--0,5 N SuCl--0.7 Nap 1,0 W 
|HakoO, Mrpaer OoJIbIUIyIO POb B H3Me- HyHF; 2—2,5 N NiClo-+1,0 N NHaF; 38—2,5 NV 
HeEHHM (pPu3HKO-XHMHMYeCKHX cBOHcTB NiCl, + 0,5 N Sn Cle+ 0,7N NaF + 1,0 NV 
ocankos. B npucyrersuu dropucroro NH4F; 4— kpupaa pasnomkenua aa onoBa; 
aMMOHMA OcaKu Tosmyuaiorcs G6wec- Pie: eH Ban e Pas HONG HE ial mater 
TAIMUMU WH XpyoukKuMu (c TpellwHaMy), 

B TO BpeMA Kak B QJIEKTPOJMTe C NOOaBKOM OfHOro PTropujya HaTPHA OHH Ma- 
ToBbIe H aacTHuHble. [Ipu OMHOBpeMeHHOM TIpucyTCTBHM TOpH_OB HaTpHA U 
AMMOHMA OCaKH MosyualoTca OvlecTAMIMMU, HO MeHee 2/1aCTHUHDbIMH. 

M3menenua MIOTHOCTeH TOKa B WHPOKHX Npemenax oT 0,5 no 4,0 a/yM? 
mpu Temnepatype or 45 no 70° TaKxe MaJIO BIMAIOT Ha COCTaB KaTOAHOrO OCal- 
Ka, 4TO OOeCMeCYMBaeT BOSMOXKHOCTH MOWYYeHUA CMaBa OMMHAKOBOTO COCTAaBa — 
Ha pa3JIMUHbIX yuacTKax pevbed*HbIX U3emMi. 

MutepsBas muIoTHOCcTeH TOKa, IpH KOTOPOM NOMyuaroTca GecTauMe OCAaIKH, 
3aBUCUT OT TeMMepaTypbl UM pH anexTpomuta: c MoBplueHvem pH u Temnepatypbi 
QICKTPOMMTAa MHTePBa WONNYCTHMBIX IIOTHOCTeH TOKa CoKpaltiaeTcsx. Han6osee 
IMMpOKWH MHTepBad NoTHOcTel ToKa (1—4 a/nm?) AIA Nomyyenua OecTAMMXx 
OcaKOB Ha KaTOJe COOTBETCTBYeT KUCOTHOCTH deKTpomHTa pH 2,5 npu Tem- 
nepatype 50—70° u pH 4,5 — npn tremmepatype 45—50°. 

UcceqoBaHun paccenBalollel CMocoGHOCTH 3JICKTPOJIHMTOB IyTeM M3Mepe- 
HUA pacnpeseneHua MeTaJIa Ha yrsioBoM KaToje (*) ToKa3aJIH, YTO Ip 9IeK- 
TpoocaxkeHHU CiaBa OJOBO—HUKeIb M3 XJIOpHA-PTopuAHOrO pacTBOpa OHA 
HeECKOJIbKO BbIIMe, YM IPH OecTAMeEM HUKeMPOBaHHH. 

Tloxppitua cnmapom Sn — Ni Trommuuyon 15 » Ha cTamu c noscnoem mequ 
TommUHOK 20—30 » He OOHApyxXUBAIOT MOPUCTOCTH IPM MCIbITaHHM UX PaCTBO- 
POM %ee3oCcHHepOsMCTOrO KaIHA H NOBAapeHHON CovIM. 

YcTaHOBJIeHO, UTO B OCalMKax CiaBa OJIOBO—HUKEJIb HMCIOTCA BHYTPeCHHHe 
HanpaAxKeHHA PaciMpeHua, MpHuem B MpHcyTCTBHM PTOpucToro aMMOHHA OU 
“-SHAUMTCIIbHO OONbIe M YBeMYMBAlOTCA C MOBBIIMCHHEM MJIOTHOCTH TOKA. B ocayl- 
‘Kax U3 9NeKTPOMUTA C JoOaBKoM cbropucToro HaTpuA BenM4MHa BHYTPeHHUX 
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HalpAxKeHHM He3HauMTeIbHa H He H3MeHAeTCA C IJIOTHOCTbIO TOKA. IIpu cor 
MeCTHOM IIpHCyTCTBHH O6OUX PTOPUAOB BHYTPeCHHHE HanpsAxKeCHHA MPHOMMKAIO'S 
CA K 3HAUCHHAM JIA 9NEKTPOMUTAa C WOOaBKOM PTOpHCTOrO HaTpHA. 

Vismepenua mukporpepgoctm Ha npu6ope IIMT-3 moKasaiu, 4YTO ocaqKy 
Sn — Ni, nomyuenupie u3 aieKTpomutTa c 1oOaBKamu o6oux dropuyzoB (Naf) 
u NH,F), umeror TBepgoctb nopsyKa 500—600 xr/mm?. 

Jia nloutyueHHA OCaAKOB C NOHM2KeHHEIM COJep2xKaHHeM OJIOBAa ObIIO MCC} 
JOBaHO BJIMAHHE MOOABOK Pa3JIHUHbIX OPraHHYeCKHX BeINLeCTB, KOTOPbIe NOBbH 
WWalOT KaTOLHYIO MOMAPH3allIO MPM BbIeeHHH O0Ba. Okasasocb, 4TO Hari 
Gonee acbtbeKTUBHO JlelicTByeT B 9TOM OTHOWWEHHH NapadeHouIcyAL@oHoBad KA 
nota. IIpucytcTsue B XJIOPHA-PTOPHAHOM JVJeEKTPOMUTE Napa*eHoscyALPOHOBOK 
KHCIOTbI B KoMuecTBe 0,5 M/n cHuxKaeT cofep2KaHHe OI0Ba B OcasKe Jo 53%) 
IIPHYeM COCTAaB OCaL\Ka COXPaHAeTCA MOCTOAHHBIM B WHPOKOM MHTepBase TIOif 
HocTeli Toka oT 0,15 no 4,5 a/am?. Onnaxo npu Temmepatype 50° 6necTauyy 
OCaKH B 39TOM 3JIEKTPOJIHTe MOJYUaIOTCA TOMbKO TPH HA3SKUX MJIOTHOCTAX TOK} 
jo 0,5 a/am?. Bpiacnusiocb, uTo napacbeHomcymb@onoBad KuCOTa pe3KO (HB), 
150—200 mB) MOBbIIUaeT KaTOLHY!IO NOJAPH3alHIO MPH BbI,eNeHHH OJIOBAa Hi 
XJOPUA-PTOpHAHOrO aeKTpomuTa. Ha nomapnsallHio NPM BbILeJeHHH HUKeIP 
9Ta JoOaBKa MOUTH He OKa3bIBaeT BJIMAHHA. Takum oOOpasoM, B MIpHCyTCTBHyI 
MapadeHosucybOHOBOM KUCJOTHI Mpoecc BbIJeIeCHHA OJIOBA 3HAUHTEJIbHO TOTP 
MO3HTCA, UTO BBISBIBACT CHHXKCHHE ero COMepxKaHuA B cnvaBe. Bmecte c Te 
napacenoucybPOHOBaA KUCOTa Cnoco6cTByeT OOpa30BaHHIO Ha KaTose OoueEp 
31ACTHYHbIX OCANKOB CvlaBa OJIOBO—HUKEJIb, HE HMEIOWMX TPelWlMH axe mph 
OOJIbLIOM COfepxaHHH PTOpHcTorO aMMOHHA. I 

B 9JIeKTPOMHTE C NOBBILMCHHBIM COfepxkaHHeM cpropucToro ammonua (60 r/rt 
B IIpHCyTCTBHH napadenoscybponopok KucoTH (0,5 M/n) onycTumpi npef 
Jel MIOTHOCTeH TOKa, IPH KOTOPbIX Nomyualworcs GvlecTAMMe OCALKH, 3HaUrf 
TCJIbHO YBeJIMYNBaeTCA: Mp Temnepatype 50°— yo 2 a/am?, mpuH TemMnepaTyp! 
70°— no 4,5 a/am?. } 

Takum o6pa30M, JIA NOyYeHHA CcnaBa OJIOBO—HHKeJIb, COMepxKareru 
okosio 50% Sn, MO%xHO peKOMeHJOBaTb CJIEMYIOMMe YCIOBHA SIeKTPONM3Aa 

Coctas amexTpomuta: 2,5 N NiCl.+~0,5 N SnCl,-+~1,6 N NH,F-+napai 
(beHouicybponoBaa KucoTa 0,5 M/n; pH~4,5. Temnepatypa sexTpomuti 
50—70°. TliorHoctb ToKa Ha KaToyze 0,5—4,0 a/am?. Anogunilt pexum — Kat 
yKa3aHo BBIILe. i 

Bp NpOBeAeHbI TAKX*KE OMPITHI 10 9IEKTPOOCAKTEHM10 CIJIaBa OJOBO— HHKeN } 
C HaJIOxKeHHeM NepeMeHHOFO TOKa HW NepHOAMYeECKHM H3MeCHEHHeEM HanpaBeHH!s 
NOCTOAHHOrO TOKa (peBepcusA TOKa). BbIsicHH0Cb, YTO 06a STH (PaKTOPa He OKal 
3bIBalOT 3aMETHOFO BJIMAHHA Ha COCTaB OCaKa, Ka¥eCTBO Ke OCaKa IPH STON 
3HAUHTeJIbHO yxyfulaeTcs. 

Tema sto paCoTbl Obiia mpessoxwena us.-Kopp. H. A. Vsrappuespm! 
Hayao paGotb! 6bl10 MpoBeseHO MOA ero pyKOBOACTBOM HM MPH ero aKTHBHOM 
yuactun. [IpexjeppemMennan cMepTb NoMellasla eMy JOBeCTH 3TY pa6oTy AY 
KOHIa. 


MockoBCcKHft XHMHKO-TeXHOMOPHYCCKHH ~HHCTHTYT Tloctynusto 
um. JI. HW. Menzeneesa 20 XI 1956 


UMTHPOBAHHAS JIMTEPATYPA 


1J.W.Cuthbertson,N.Parkinson,H.Rooksby, J. Electrochem. Soc 
ie oa KGa Vie 7 ee ay Dee sa a KaHAHaTCKoH ucceptauun MXTF! 
um. JI. WU. Menneneesa, M., ; > Da Ky oup apie Bam Aw eAG Hen kK 
DKIIX, 22, Ne 4 (1949). 20a 
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Jorxrnagn Akagqemun nayr CCCP 
1957. Tom 115, N 3 


XHMHYECKAA TEXHOJIOTHA 


H. E. @HWJIOHEHKO, XH. B. JIABPOB, O. B. AHJPEEBA u P. JI. MEB3HEP 
O FJIHHO3EMHCTOM WINMHEJIN AIO.AI,0, 
(lIpedcmaeseno-axademuxom JI. C, Kopocunckum 12 III 1957) 


IIpu MukpockonMyecKoM HcceAOBaHHN MpOAYKTOB BOCCTAHOBJICHUA TBep JbIM 
NYTepOOM COCTAaBHBIX YaCTeH BbICOKOPMHOSEMHMCTOM WHXTbI (WA NoyyeHna 
{9N1eKTPOKOP yHla) HaMH Oblia OOHapy Kena pesopOunA kopyHsa c OOpasoBaHHeM 
jpospaunolt H3OTPONHOK (Pasbl CO CBETOMPeJIOMJICHHEM, KOJIEOJOWIMMCA B OTJeJIb- 
JHbIX 3€pHAX B UHTepBase 1,77—1,80. Hau6ouee kpymubie (fo 0,2 mM) oxTasypbl 
| USOTPONHOH (pa3bI HaOOAaHCb B NOMMpOBaHHOM IWINde oOpasiia, NoyYeHHOrO 
| HarpeBanvem pu 1900° B Teyenve 30 MuH. WuMXxTHI cocTaBa: SiOQ2, 9,38%, Fe,Os 
120,30%, AlsOs 60,90%, CaO 1,64%, C 7,73%, cymma 99,95% (puc. 1). 

| OnpefleseHHe MHKPOTBepAOCTH OCHOBHBIX JByX a3, Cslarar‘oulux oOpaseu, 
1a mpHOope IIMT-3 gano cueqytouiMe pesyJbTaTbl: MHKpOTBepOCTb H30TpoN- 
| HOH da3sbi 2070 kr/MM®, MuKpoTBepyocTb KopyHya 2150 Kr/mM?. 

_ PentreHOBCKHM HCCJIeOBaHHeM ycTaHOBJeHO, YTO H30TponHan cbasa UMeeT 
KyOnyeckylo rpaHeLeHTPHPOBaHHY!0 CTPyKTYPpy LWMNHMHesbHOrO THMa C NapaMerT- 
[poM pelwerKH a = 7,915 A, 

Kak u3BeCTHO, NoAOOHOK cTpyKTypol vu O1H3KUM No BesIHYHHe NapaMeTpoM 
jpemleTKH a = 7,90—7,91 A, oOnagaet y-Al,Os (1%). Ilpu stom nomy4yenubie 
KpHcTalusauveh us Li,O-coyepkalero riMHOSeMHCTOrO paciaBa OKTa2{pbl 
TIMHOSeEMa HMeJIN cBeToMpesiomMieHHe N = 1,736 v4 ObliH ycTroHunBbl MpH Ha- 
\TpeBaHHH B TeYeHHe HECKOMbKUX YacoB lip 1600°, ofHako Mocvle pacnaBJeHHA 
jMepexoqusiH B KOpyHA. OOnapyKenHaad Hamu M3OTpOrHas (pasa, XOTA WH MMewa 
\MlapaMeTp pellleTKH OH3KHH K NapaMeTpy pelueTKH PvIMHO3eMa, HO OTJIMYAIaCh 
3HAUNTeIbHO Oosee BLICOKHM CBeTOMpeOMJIEHHeM (TpeBbILUaOUHM CBeETOMpeJIOM- 
| TeHve KOpyHa), BOSHHKasa B pe3ybTaTe pacTBOpeHHA KopyHila HU Oblia ycToH- 
uuBa upu 1900°. 

Bce BbllleH3sIOXKeHHOe MO3BOMMIIO HaM IpeNOOKUTb, TO B pesyJbTAaTe 
B3aUMOJeHCTBUA KOpyHAa C yruiepoOM BOSHHKaeT COefAMHeHHe NO peakIlHH: 
38A],03 + C = 2Al304+ CO. JIna mpoBepkKuH 9Toro MpeANooO%*KeHHA HM BBI- 
|ACHEHHA YCAOBUM OOpa3s0BaHHA HM MpHposbl H30TPOMHOH :asbl HAMM ObIIM Mpes- 
| IPHHATHI ONBITHI Mo ee CHHTESy. C STON WeNbIO H3POTOBMANACb WWMXTAa HS CHeLH- 
aJIbHO OUHMIEHHOrO BbICOKOAKcMepcHoro (2—Op) 7{-riMHosema (cyMMa lipHMecelt 
|Menee 0,2%) u HectbraHoro KoKCa (3epHUcTocTbIO 5O—0 1), coflep»aBulero OKOMO 
0,5% soup. Wuxta u3roropianacb u3 100 Bec. yacTeH rMHosema H 4 Bec. 4a- 
ete HectbTaHoro KOKCa, T. e. Obluia O6H3Ka K CTEXHOMeTpHy¥ecKOMy cocTaBy No 
BbIIMeyKa3aHHOH peakUHH. 

V3 tulaTenbHO NepemMelaHHoM WuXTbI MpeccoBanucb OpuKeTH! d = 15 MM 
uh = 8 mM. Tepmuyeckand o6pa6orKa OpHKeTOB NpPOHsBOMMaCcb B new TaMMa- 
Ha B uHTepBasie 1500—1800° c uacoBoli BbIJep2KKOM Mp 3afaHHol Temnepatype. 
Bpukerb! nomelilanvcb B Me4b B 3aKpbITOM rpapuToBoM Turvie. Toayyenuble 06- 
pasllbl MosBepramucb MHKPOCKONMMYECKOMY aHasIM3y HMMePCHOHHbIM MeTOJOM 
MU B MOJMPOBaHHbIX WMpaxX HW HEKCTOPble H3 HAX — XMMHYeCKOMY aHaJM3y. 

CuutTesupoBanHbii mp 1500° o6pasel, UMeJI YepHbI UBeT MW cOfepKavl, 10 
JJ@HHbIM XMMMYecKoro aHamHsa, 3,75% Cons. Tipospaunas casa B oOpasule Obiia 
mpefctapsena KOpyHAOM. O6pa3ubl, cuHTesupoBanuble mpu 1600° u Bbille, 
UMeJIH 6esbIi BET, He COJep2KaH KOPyHa H COCTOAJIN MOUTH HalleviO M3 H3OTPOI- 
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Hol cpaspl. TIpu 1600° usorponnas casa Obia NpefcTaBseHa WY3OMeTPHYHBIN) 
3epHaMiH pasmepom 2—4p» co cBeronpesomienuem 1,76—1,78. Kpome HH 
B HeOOJIbIOM KOJIMYeCTBe HaOsIOMaHCb arperaTbl, CJIOAKeHHbIC MHKPOJIMTAMIy 
¢ BbICOKHM CBeTO- H ABynpesomsenuem. IIpu 1700°, Hapsay c H3OMeTPHUHBIME 
3epHaMH VH3OTpPONHol Pasbi pasMepoM 6—1l0p, HaOvofaJIMCb HeMpaBHJbHble Ty 
(bopMe peKpUcTaIM30BaHHble ee YUACTKH C MHOPOUMCJICHHBIMH Fa3OBbIMH BIKE 
YeHHAMH. | 

CperompesomMienve OoubilieH YacTH 3epeH HSOTPONHOH (a3sbl HaxoLMsoG 
B Upeflenax 1,77—1,78, peqkue ee 3epHa uMemn N = 1,795-+- 0,005. Kpo 
TOPO, B OOpasiie HaOOJaNMCb BHILIeYNOMAHYTHIe APKOMOJAPHSyIoulMe 3ep HF 
cTble arperatbl. Kak nmoKa3ai aHaiv3, 10 Kpembfamio, oOpa3ioB, CHHTesHp 
BaHHbIX mpu 1600 u 1700°, onu cofep2kanu CooTBeTCTBEHHO 0,85 4 0,93 % a3OTé 
Tlepecuer JaHHblX aHasiv3a flaeT cOJep Kane HUTpHa anIOMMHMA B OOpasilal 
2,49 wu 2,72%. Emy, oveBuyHO, HW pvHasexkalH OOHapyxXeHHble No MAKPC 
CKONOM MHKPOJIMTbI C BbICOKHM CBeTO- H JBYIIpeJIOMJIeHHeM. 

TIpu 1750° mmxra cneksacb B CIVJIOWIHY!0 Maccy, HaCbIleHHY!0 MHOPOUNC er 
HBIMM TlysbIpbKaMu rasa. Ha B MMMepCHOHHBIX MpelapatTax, HM B MOMPOBAHHbIe 
mmuaxX He yaBaocb pa3JIMUHTb OTJebHbIX KPHCTaJIOB WSOTPONHOU basiie 
(puc. 2). Ha nepudepun oOpasiia HaOmOsanuch arperaTbl, CIOKeHHbIE TOHTALE 
INMMH YJJIMHEHHBIMH IlaCTHHKaMH HeVM3BeCTHOH (ba3bl CO CBeTOMpe.1OMJICHHElE 
Nz = 2,010+0,005, N, = 1,985-40,005, N,—N, = 0,025. Ilpu 1800°% 
cTpoeHve oO6pa3lla pe3KO H3MeHHOCb: OHCarasicA U3OMeTPHUHBIMM KPHCTas ae 
MH H30TPONHOH ca3bl pasmepom 60—100 p; Hekoropble 43 HHX MMe JBOMHAE 
KOBOe cTpoenue (puc. 3). Bce KpHcTambi H80TPONHON chasbl OONaain CBeETCH 
TipesOMseHueM cBbille 1,78, MHorve M3 Hux HMemH N = 1,795+-0,005. Mexy 
HMMM HaOJofaucb B HeOOJIbIIOM KONHYeCTBe TOHYAHWMe WlacTHHKH BbILLIE 
YNOMAHYTOH Hev3BeCcTHOH (asbl. ; 

Jia WaibHeHumx uccieqoBaHHl u30TponHasn (basa BbIjenAnach 3 OOpa3si 
HOB, NowyyeHHbIx up 1600, 1700 u 1750°. J[na asroro ucteptble B TOHKUM Noy 
polwok MpoObl nosBeprasucb KHNAYeHMIOBTeyeHHe | uaca B 10% pacTBope enh 
Koro HaTpa. MukpockonMueckul aHau3 THWaTesbHO MpOMBITbIX HW TpOKaJIeHHbl 
mpH 1000° nopomKos NoKka3a1, ITO OHH COCTOAT H3 MpospadHbIX 3epeH H30TPON 
HOH (a3bl, HHOrfla C HeSHAUHTeJIbHbIMM MPpUMa3KaMH TJIMHOseMa. OTJeJIbHbI 
MOPIMH MOpOWKOB Obl HCHMOJb3OBaHbI [WIA XHMHYeECKOrO, PECHTTEHOBCKOrO I 
CHeEKTpaJbHOrO aHaJIM30B, OlpefeseHHA yfesIbHOrO Beca H H3y4eHHA XUMMYe 
CKOH ycTOHuMBocTH H80TpoNHOH cbasnl. Kpome Toro, 4Ba HeOOMbUIMX OCKONKAl 
BbIJeJeHHble H3 WeHTpasbHOH yacTH OOpa3sila, CHHTesHpoBaHHoro pu 1750° 
HalleIO COCTOAMIMe H3 W30TPOMHOK dhasbl, NocuyKHIH IA onpesenenun ex 
TeMIepaTypbl MwaBsieHua. 

XMMUYeCKHM ANAM CHMAaBJICHHbIX C MHpOcybPaTOM KasA MOPOWKOB a 
coflepsKaHve TIMHOSeMa B OOpasllaxX, CHHTe3HpOBaHHbIX npu 1600°—104,6% 
np 1700°—104,8% u mpu 1750°—105,3%. Sru pesynbratbl HanOonee OH3K 
K pacudeTHomy mpuBecy (5,5%) wmunenn coctapa AlsOa. Mepecuer 2aHHbIx XH: 
MHYeCKOrO aHaIM3a Ha MOJIeKYJAPHble KOJIWYeCTBAa JlaeT cJlefLyrwllve cocTaBb es 
CHHTe3HpOBaHHOH wMMHeIH: mpH 1600°—A10-1,26 Al,Os, npu 1700°—A10- 1,21) 
Al,Os wu mpu 1750°— AIO - 1,06 Al.Os. 

PentTreHorckoe uccseqoBaHve OOpa3ila, CHHTe3HpoBaHHoro mpu 1600° (nocae dt 
ero npompipku B NaOH), noKkasauo, ¥To OH CORKeH OHO cbasoll, KoTopad npexm 
cTaBAeT COOOIO rpaHelleHTPHpOBaHHYIO CTPYKTYpy WIMNMHeIbHOrO Tuna c Naw 
paMeTpoM pelleTKH a = 7,92 A (peHTreHocbemMKa NpoHsBoAUIacb B NOpOUKo-f 
BOH KaMepe d = 57,3 MM, Ha Co—K,-v31yuenun, cTonOnux d = 0,5 mm). i 

ChektTpanbHblit aHanv3 MpousBosucs Ha crleKTporpatbe MCII-22 B axruBusu-F 
POBaHHOH jlyre MepeMeHHoro TOKa MexK ly MeHbIMU 9IeKTPosamu. [lopommKoo6pa3- 
Haw TpoOa IWNTMHeIM, a TAKKE BSATHIe [IA CPaBHEHUA MpoObl ucXo_uoro y-rau-h 
HoseMa HM OOorallenHoro Gesoro 3MeKTPOKOPYHa YKMalbIBAaNucb TOHKUM COeMI 
(0,1 MM) Kaxyaa Ha oTjenbHYyI0 MejIHY!O TliaCTHHKY JBYXKyllerocHh HY KHErO 
SeKTPoa. CKopoctTs MepeMelleHHA HM2KHero SeKTpoya 1,7 MM/cek, MexKyy-fh 
INEKTPOMHBIM TIPOMeXKYTOK 2,5 MM, WHpHHa Wenn cnektporpata 10 u, cnnal 
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Pres 4. Pe, Ze 
Puc. 1. OxTas_qp HeusBecTHOM tbasbl C OKPYrJIbIMH BKJNOUCHHAMH KOPyHAa (cepbie) Hu ceppocnsmaBa 
( 6empie). Cper oTpaxkeHHbI. 250 
Puc. 2. V3orponuas cdbasa ¢ rasoBbiIMH BKOUeHHAMH (YepHble). CBeT- oTpaxkeHHblt 250 


ae 


Pue. 3. Puce. 4 


Puc. 3. Kpuctramast u30rponHoli cbasbi (cBeTso-cepble); MeIKHe yuacTKH HeH3BeCTHOI :pasbl (GeubIe). 
Cper oTpaxKeHHblii. 250 Xx. 
Puc. 4. Yuacrok cmektporpamm: y-raunosema (/), KopyHta (2) Hu wumunemn AIO-Al,O3 (3) 


115, Ne 3, PrnoncuKo, Jlanpos, Augpeceza, Tiepsnep 


Toka 3,5 a, 9KcnosuuMA 25 cex. Ha puc. 4 npexcTaBseHbI crleKTpbI 1po6 Ha yua- 
eTke oT h = 3000 A fo } = 3100 A, rye pacnonoxeno Han6oubulee KOAMUeECTBO 
MYPOBbIX CHeKTPaJIbHbIX JIMHMH aJIOMMHHA. OTYeTMBO BHAHO, YTO amIOMMHUE 
B CHe€KTpax -rvIMHO3eMa H KOPyHAa MpefcTaBseH JMIUb CaMbIMA APKMMH JH- 
Huamu: Al 3082,16 mu gyOnerom Al 3092,7, Al 3092,8. B cnextpe ummunenu 
9TH JIMHHH SHAYMTeIbHO MHTeCHCHBHee, YEM B CIeKTpaX ‘{-PIMHO3eMa HM KOpyHa, 
KpOMe TOrO B ClleKTpe WINMMHeJIM BbILWIM elle 6 AMHHK: Al 3050, Al 3054, Al 3057, 
Al 3059, Al 3064 u Al 3066, — xapakrTepHbiIx Ja BoccCTaHOBsIeHHOrO auiio- 
MHHUA. 

CTOJIb 3HAUNTeIbHOe YBEHYCHHE HHTCHCMBHOCTH HM KOMYeCTBa AHHH auio- 
MHAHHA OODACHAeTCA, M0-BHMMOMY, Oovlee cabo CBa3bIO Mexyy Al uO B umu- 
HeJM, YeM B Y-rIMHOSeMe M KOpyHAe- CrekTpadbublit avanu3 He OOHapyxKuA 
B WMMHeIM ake cileqoB yrieposa. . 

. YieJIbHbIM Bec WNHHeJIH, ONpesesenHbl WMKHOMeTpuyecku, d = 3,84. Tem- 
Mepatypa MaBJeHHA WNMHeIH, NO onpeysenennio ®. A. Tanaxopa u A. E. An- 
mena (MuctutytT xumMuu cuiuKaTos), 1980—1990°; napanenbHO MpousBezeH- 
HO€ KOHTPOJIbHOe OMpefesenve Jao TeMiepaTtypy WaBseHuA KopyHsa 2050°. 
WWnuneib He NOsBepraetca AelcTBHIO CHJIbHBIX WlesO“eH HM KMCJIOT, HH Ha XO- 
JOLY, HH Ip KHMAYeHHM, WH He OKHCJIAeCTCA MPH MpoOKaNMBaHHH B TOKe KUCJO- 
powa mpu 1000°. 

Bo BpeMa nosroroBKH HalieH paOoTbl K MeyaTH ObIO OMyOMKOBaHO Uccue- 
JoBaHve cvuctempl AlgOs— AlaCs (4). Asropbl TakxKe OOHapy2KMJIM, YTO rIMHO3eM 
B CHCTeMe TpefcTaBJleH H30TPOMHOK tbaso. OfHakKo aBTopbl He NOABeprsu sty 
asy XuMuueckoMy aHaJM3y, He ONpesenunu ee cBeTOMpesOMMeHHA, a Ha 
OCHOBe PEHTTeHOBCKOPO aHau3a (pesyJIbTAaTbI KOTOPOrO He IPHBOMATCA B cTaTbe) 
oToxKecTBulu ee c 6 = Al.Os (°). ABropbl (4) ycraHoBHaN, YTO H38OTpONHbIA 
TAHHO3eM OOpa3syeT IBTEKTHKY C OKCHKapOnJom coctaBa 4 Al,Os-AlaCs (onru- 
lyeckue CBOMCTBa KOTOpOrO He MpHBOsATcA). OueBuAHO, MacTHHKH TeTpaoKCH- 
KapOvfa aliOMHHHA HW HaOOfasMcb MexKAY KpHcTasiaMu WINMHeH (puc. 3). 

Takum 06pa30M, B3auMOelHCTBHeM PJIMHO3eMa C TBEPAbIM yrulepoOJOM B HHTep- 
Basie 1600—1800° cuuTe3upoBaHa wmuHelb coctaBa AlO-AI1,Os, o6manaromlaa 

€CbMa BbICOKOM TeMNepaTypol MaBsenua (1980—1990°), BricokoH MuKpoTBep- 
octp1o (H = 2070 xKr/mM?), a TakxKe XHMMYeCKOH yCTOHYMBOCTbIO. 


Bcecoro3ublit Hay4HO-HCCIeOBaTeIbCKHK Tloctynusto 
HMHCTHTYT aOpasHBoB H WwIMpoBaHHA 12 III 1957 


UMTHPOBAHHAA JIMTEPATYPA 
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Ynen-xoppecnonzent AH CCCP J. M. UMDKUKOB, A. A. CMIOBOACKON 
u 10. B. LIBETKOB 
O KATAJMTHYUECKOM JIEMCTBMM WHHKA HA PA3SJIOQKEHHE 
OKUHCH YIPJIEPOJA 


ViszectHo, uTo- peakwua pa3snowenua CO cTaHoBuTcaA TepMoy,MHamHyec 
BO3MOXKHOM pu TemmepaTypax HuxKe 900°, OMHaKO B OTCYTCTBHE KaTaIM3aTOp 
OHa TIpaKTMYeCKH He HET, B CHAY MpOUHOCTH CBASeH ATOMOB yrslepoa HU KUCI 
pola B Momexyse CO (!). Payom pa6or (?,*) ObIIO MOKa3aHO, YTO OKHCJIbI MeTa. 
JIOB HE KaTasIM3HpylOT PpeaKUHH; KaTasIM3aTOpaMH ABJIAIOTCA HEKOTOPbIe M 
tanmbt (Fe, Ni, Co, Cr), oco6eHHo nomy4eHHble B aKTHBHOHM PopMe BoccT, 
HOBJICHHEM. 

B ornoweHuu KaTamuTuueckoro JelicTBHA UMHKa B JuTepaType uMmerord 
MpoTuBopeumBpie JanHpe. Hexoroppie aproppl (* 7) yrBep2KqaioT, 4TO TMF 
ABNACTCA KAaTaIW3aTOPOM peaKIMH paslOx%KeCHHA OKUCH yrseposa, Apyr 
(2,8,°) orpattaroT 9TO H, HakoHeL, TpeTbu (1°,""), ycraHOBUB yCKOpeHHe peakuM 
CUHTAIOT IPHUMHOM sTOFO xHMUYeCKOe B3aHMOeHcTBHe Zn c CO,, o6pa3soBa 
WuUMcaA pH Muccounanun CO. Bmecte c Tem, B BbIMeMUIMX B Nocslequee Bpen 
moHorpadusax (27,15) yrBepxaeTcaA, UTO WHHK COBePINeHHO MaccHBeH MO OTH 
IN€HHIO K pacCMaTpHBaeMOH peakIuN. | 

Borpoc 0 BAMAHUWM WHHKa Ha peaKIHiO pa3sJIOKeHUA OKMCH yruepola umMew 
BaxKHOe NpakTHyeckoe 3HayeHHe. OGuleH3BecTHE!, HalpHMep, (PakTbl paspywife 
HMA BepXHel YacTH JOMCHHBIX Neve IPH MaBKe py] C HE3HAUMTEIbHbIM cose 
*KaHvem wHHka. IIpwunHok sToro aBasetca (**) oTMORKeHHe CaxKUCTOrO yrsepose 
vu CPOpMHPOBaHHe B NOpax KaKH Neu OKMCH WHHKA, OOpasoBaBluelicA B pesym/e 
TaTe OKHMCJICHHA WHHKA YIJICKHCOTOH, ABJIAIOW[eHCA MpOAyKTOM KaTaJIMTHUP 
CKOrO pa3JIOKeHHA OKHCH yrsepoa. OTOT »%e Tpolecc MOXKeT HMETb MecTO 
MIMpOMeTaJypruu WHHKa MpW KOHJeHCallMu ero H3 MaporasoBoli cmecu. Oxnll 
JICHHe WHHKa B 9THX YCIOBUAX IPHBOAMT K CHHKECHHIO BLIXOMa KUAKOLO MeTAaJUIE 

VUiccnenya pa3euibHO KHHETHKY Mpollecca BOCCTaHOBJICHHA OKHCH TWHHII 
OKHCbIO yrulepoya H Tpolecc KOHJeHcallun NapoB WHHKa B UMCTOH OKHCH yraly 
pofa, MbI HaOMOfasM BbifeuIeHve CaxKUCTOrO yrviepoja, ABJIAIOWeroca Mpomyde 
TOM ee pasJIO*KeHHA. if 

Visyuene KHHeETHKH BOCCTaHOBJICHHA OKHCH IMHKa OKUCbIO yruepoya mph) 
BOAMIOCb Ha BaKYYMHOHM yCTaHOBKe C HeMpepbIBHOH UWMpKyJIAlMe ra3a-Bche 
CTaHOBUTeIA H BbIMOPaxKHBaHHeM NpokykTa BoccTaHoBeHHa CO, B AOByUIIp 
C XKHKHM a30ToM ('°). Hapecka B 0,5 r ZnO nomemanacb B KOPpyHAH30BWE 
YaleuKY H MOMBeWMBaach Ha MOMOZeHOBOH WenouKe. PeakuMonHbi cocyr's 
KBaplieBbii. MHepTHocTb STHX MaTepHaJIOB M0 OTHOUWIeHHIO K peakuuu 2COP} 
=CO,-+C u3BecTHa H3 JINTepaTypbl. ITO GblO MOATBEPxKMeHO XOJOCTHIMU on|. 
Tamu. [lepeq KaxKXbIM OMbITOM CHCTeMa OTKAYMBasacb Jo 10° wm pr. cr. uw cf 
NOHANACh YHCTOH OKMCbIO yrviepoa. ONbITHI NpOBOLWIMCh B MHTepBawe Tele 
nepatyp 600—1000° u yaBneHuii 25—300 mm pr. cr. f 

IIpn npoBeyeuuu 9KCIepMMeHTOB B MHTepBase Temnepatyp 600—700° na6alb 
aNOCh BbIAeNeHHe CaxKUCTOrO yrulepoka KaK Ha BOCCTAHaBJIMBaeMOM OOpa3isy 
Tak M Ha CTeHKaX PeaKUMOHHOrO Cocyfa B MeCTaxX KOHJeHCalMM WHHKa. Har 
WHE CaxkKUCTOrO yruepoya PUKCHPOBaJIOCh BUSYyaJIbHbIM HaOMOLeHHeM uepE 
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ro HaleTa, HepacTBOpMMOrO B KHMCJIOTaX HM MOMHOCTbIO CropaBero pH WpoKa- 
JMBaHHM B OTKpbITOM Turvie. [Ip BoccTaHOBJICHHH OKMCH CBHHIA B aHaJIOrHUHbIx 
YCNOBHAX BbIeeHHA CaxKUCTOrO yrmepoya He HaGwOasocb. 

Hisyuenue @usHko-xuMMueCKUX YCIOBMH KOHJeHCaMM apoB UMHKa MIpoBo- 
JMJIOCb B YCTAHOBKe C HeMpepbIBHOH WMpKyAwuel uuctoh CO Hak pacnsmaBnen- 
HEIM IMHKOM TIpH OapoMeTpHyeCKOM aBJICHHH HM pa3/IMUHbIX TemmepaTypax. 
Hasecka B 50 r muHka HarpeBasacb npn 800—1000°, a o6pa30BaBuimecs napbt 
WMHKa yBJeKaINCh WMPKYJIMpylomlen C pasMuHOl cKopocThto (oT | Zo 10 cm/cex) 
OKMCbIO yrviepofa B Ooulee XOJOMHEIC 30HbI KBapueBolt TpyOKu. Ilocae oca- 
WKeHHA WHHKA B KOHJeHCaTOope, rye TemmepaTypa cHMxKasacb no 500°, u 
MOJHOrO YJIaBIMBaHHA OCTABLUCrOCcA WHHKAa B (uAbTpe u3 rurpockonuyeckol 
BaTbl a3 MOsBeprasicA aHanusy. 

B ouvmleHHol oT, WHHKa ras0BoH cMecuH BCerfa OOHapyxkuBasoch oT 0,2 
jo 2,5% COs, B 3aBMCHMOCTH OT HayabHOL TemMnepaTypbl CMeCH MW cosepxKaHHA 
B Hei WuHKa. J[Byokucb yrsepoya Normomasacb mponycKaHHeM cmecH uepes 
KOHICHTPpHPOBaHHbIM pacTBop KOH, kosoHKy c HaTPOHHOM M3BeCcTbIO, Mocue 
yero uuctad CO cHoBa NpoTaruBasach Hay WHHKOM u T. J. Ilocue oKoH¥aHuA 
OMbITa H BCKPbITHA NpHOopa Bo BCeXx CyYaAX Ha OoNee XOJOMHLIX BHYTPCHHUX 
‘yacTax mpHOopa (800—500°) o6HapyxKuBasocb OTMORKeHHe SHAUMTEMbHbIX KOJIM- 
yecTB CaxKHcTorOo yraepona. 


| 
! SacJlyKUBaeT BHMMaHHA TOT (bakT, 4TO B ONbITAaX, NPOBOAMBIUMXCA C MeCHb- 


Ile KOHWeHTpallvel WHHKa B rasoBOl CMeCH, OTJIO%KeHHA yruiepoga Obluiv Gosee 
SHAUHTeJIbHbIMH. Tak, pH cofepxkannHu 45,5% WHHKa B MaporasoBoli 
CMECH B OTXOMAMIMX H3 KOHJeHCaTOpa raszax coslepxasnocb 0,2% COs, a mpH 
coflepxkanun 22% waka — 1% COy,, pH oveHb Mao KOHUeHTpauun WHHKa 
'(Menee 0,5%) B ra3ax cofepxKanocbh 2,5% CO, u 6bilno NomyyeHo Hau6ombulee 
OTNOKeHHE CaKUCTOTO yrulepofa. DTO aeT OCHOBaHHe MOMaratb, YTO KaTaJH- 
TMYeCKOe BIMAHHe UWMHKA HMeeT MAKCHMYM, 3aBYCAMIMH OT ONTHMabHOM KOH- 
WeHTpaluv WHHKa. 

B KOHTPOJbHBIX OMbITaX, MpOBeJeHHbIX B TeX Ke YCJOBHAX B OTCYTCTBHE 
UHHKa, He Oblo OOHapy2xXeHO HH CO, B ra3ax, HU OOpasoBaHuA caKucToro 
yrsiepona. 

II[pupeyenuble Ha6IOJeHuA MOATBepXaioT KaTaIUTMYeCKOe elHcTBue UIMHKa 
Ha peaKkILM10 pa3OXKeHuA OKMCH yrsepofa B HHTepBase Temnepatyp S5CO—ECO° 


WuctutyT metanypruu um. A. A. Batixosa Tocrynusto 
Akajylemun HayK CCCP 26 II 1957 
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(EOJIOTH A 


A. E. AMSEHBEPY u H. E. BPAYKHUKOBA 


O KOPPEJIAWHH HY)KHEKAMEHHOYIOJIbHbIX OTJIOQKEHHM 
JOHBACCA HW JIPYFHX PAHOHOB PYCCKOH MJIAT®OPMbI 
(ITpedcmasaeno axademuxom H. M. Cmpaxocoim 4 III 1957) 


B pesyubtrate paOor NocweqHuXx eT aBTOPaMM NOyIeH PAL HOBbIX JaHHEIX, 
MO3SBOJAIOWMX BHECTH YTOUHeEHHA B TpHHATHIe paHee (2!,!2,14) conocraBjeHua 
“aupkHero KapOona JlonOacca u Apyrux Oaccelinos. Mmeromeca B HacTosmee 
BPeMA MaTepHaJIbl WalOT TaK2Ke OCHOBAHHe MA OOcyKTeHHA HECKOJIbKO u3Me- 
He€HHOrO BapHaHTa YHH@ULMpOBaHHOH CXeMbI CTpaTurpaduu HMxKHEerO KapOoHa, 
| mpeqviaraemoro apTopamMu HacTosero cooémeHun. IipupeqenHple HuxKe mper- 
‘cTaBJIGCHHA Oa3HpylOTCH Ha BbIJeICHHH OCAMOUHbIX KOMIJICKCOB, COCTOALIMX 
M3 OTJIOXKEHHH, (PUKCUPYIOUIMX OTIEbHbIe, KPYNHbIe 3TaMbI PEOMOrHYeCKOH UCTO- 
piu u oOycIOBJIeHHbIe HMM M3Me€HEHHA OpraHMyeckoro Mupa (},?,!°). 
|  Hosple aHHble, OTHOCALMeCH K CaMOH HHKHeH YacTH OHeUKOrO KapOoHa, 
(30Ha G a), HeaBHO Obl OCBeLeHbI B neyaTH (4,’). 

Bpiuevexallve OTJIOXKeCHHA TYpHeHCKOrTO BO3pacTa — 30HbI Clb Cre a 


(Ci p (no cxeme A. II. Poras), o6pasyror pmecte c 30Holi Cla equuniii B re- 
| HETHYCCKOM OTHOWeCHHH Oy3HHOBCKHH OCcaqouHbIn KOMMVIeKc (!,°). 


B orjioxKenwaxX 30HbI Cb Bcrpeyenbt dopamuundepsi * — Tuberitina, 
_Archaesphaera, pasHooOpa3ubie Parathurammina, pegkue Bisphaera, JoBombHO 
yacTble Glomospiranella, Tournayella discoidea Dain., pegkne snoTHpHl, 
¢peM KOTOpbIX MOxXHO oTMeTHTb Endothyra karakubensis Dain., End. glo- 
‘miformis Lip., End. maxima Brazhn. u yp.; Kopanapt — Michelinia sp., 
|Syringopora ramulosa Goldf., Campophyllum caninoides Sibly; 6paxuono- 
| apt — Chonetes hardrensiformis Rot., Spirifer (Punctospirifer) cf malevken- 
isis Sok. (B ocHoBaHHH 30HbI), uacTbIe Sp. medius Leb., Martiniopsis waschku- 
Micus Fred. u ap.; octpakogbl — Bairdia tschernyschevi Gor., B. businovaensis 
iGor., Cavelina alta Gor., Paraparchites okeni (Miinst.) u gp. 30Ha C\b, mo 
|MpeAcTaBJIeHHAM ABTOPOB, COMOCTAaBJIAeTCA C BepXHel YaCTbIO MasleBCKOH (UM- 
‘TepHHOBble CIO) H yMHHCKOH Tome TlogmMockosuoro Gaccelina. 

[na ornowenult 30 Cicu Cid xapaxtepupr dopamunndeppi — Parathuram- 
wmina, Tournayella, Carbonella, Brunsia, Quasiendothyra, mHorouncieHHble, 
pasHooOpa3uble SHAOTHPHI, B TOM ycsie Endothyra glomiformis Lip., End. ex 
der. spinosa N. Tschern., End., staffelliformis N. Tschern., a tak»xe Spirople- 
jctammina “ Ap.; Kopavibl — Syringopora reticulata Goldf., Zaphrentis sp., 
{Caninia sp., Campophyllum sp., Cyatoclisia modavense (Salee) u ap.; Opa- 
i XMorozbI — Chonetes hardrensiformis Rot., Ch. dalmanianus var. intermedia 
}Rot., .Productus (Pustula) pustulosiformis Rot., Pr. (Linoproductus) globosus 
((Garw.), Spirifer aff. tornacensis Kon., Sp. desinuatus Liss. u ap.,; ocrpakoypl — 
Paraparchites suborbiculatus (Miinst.), Bairdiatschernyschevi Gor., Microhei- 
linella subcorbuloides (J. et K.). 


| 
t t x “Oo i 
3onpr C,c uw Cyd conocraBssaioTcs c YepHEMUMHCKON TommeH IloqmockoBbs; 
° t ’ 
jaHaylorH BepxXHell yacru 30HbI C,d BIloymockoBHom Oacceline, M0-BUMMOMy, 


* Tipupesennpre B cTaTbe ompefesenua chayHbl cbopamunudep BbInonHeHb! H. E. Bpaxknuko- 
Boi, Kopannos H. 11. Bacustox, 6paxnonog JI. E. Aiisenseprom, neneunnoa M. T. Anactacpesoii, 
joctpakor C. B. Topaxom. B Hekoropbix cay4aadxX MCNOMb3OBaHbI CIUCKH (ay Hbl, Oy6AMkKOBaHHbIe 
A. II. Poraem (12,18). 
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pasMbiTbl. Ha Ypavie 30HaM Clic u Cid orpeyator yepenetcKuli u WHKMaHCKHE 
ropw3onTH H. I]. Masaxoson (°). Bospact paccMaTpHBaeMbIxX OTJIOAKCHHM 
WaTHupyeTcad Kak YePHbIMIMHCKMM No_EApyc TypHeHcKoro sipyca. | 

Saneraionlve BbILe lo paspesy oTmoxKeHua 30H Cy a, C)b, Cre, Cc da 


Cye cxempr A. I]. Portas, o6pa3yrouive evieHOoBCKHH ocaqounb KommueKc (°),. 
yoke Obl paccMOTpeHbI B CBeETe MMeIONLMXCA TeMepb HOBBIX JaHHbIX (%). 
“ Bormenexamne 30H Cif, Cg u wwKuaa yuactb Ca JlonOacca c10xKeHBI 
ocayKaMH CJleyioulero BO BpeMeHH 93Talla reolornyecKOoH McTOpHM (etpeMoB-. 
CKHM OCaqOuHbIM KommueKc (°)). 

Sony Clf xapaxtepusyior: dbopamunudepst —Saccamminopsis, Ammo- 
discus, Endothyra ex gr. bradyi Mikh., End. omphalota Raus. et Reitl., 
End. globulus (Eichw.), End. crassa Brady wm MHorve [pyre SHOTHPHI,: 
Samarina, Bradyina rotula (Eichw.), Palaeotextularia, Cribrostomum, Cli- 
macammina, Tetrataxis, Valvulinella, Monotaxis, MHOorounCJIeHHBIe pa3sHO- 
oOpa3Hble apxejucKycbl, B TOM yucwe Archaediscus moelleri var. gigas Raus., 
o6unbupie Eostaffella u Parastaffella u ap.; Bogopocaa Calcifolium, crpo-| 
MATOJIMTHI; KOpasibI —Syringopora gracilis Keys., S. conferta Keys., S: 
ilariae Vass., Multithecopora donbassica Vass., Diphyphyllum lateseptatum 
M’Coy, Lithostrotion junceum Flem., L. irregulare Phill., L. rossicuny 
Stuck., Lonsdaleia, Dibunophyllum turbinatum M’Coy, Aulophyllum, Chae-s 


tetipora u Ap., a TakxKe MHorouncmenHEIe Opaxnonogp (1%). Sona C] f cono-| 


CTaBJIAeTCA C aJIeEKCHHCKOH WM MUXaJIOBCKOH TOJIULaMu IloyqmMocKoBba: if 


OrjoxeHuA 30HbI C;f Ha OCHOBaHMM H38yueHHA Opaxvonog (1%) u dopaxt 
MHHMdep WM OTUACTH TO MJHTOJOrHYeCKHM MpH3HaKaM MOXKHO NOMpasfeuHTE} 


Ha ype yvacTu -— noq3onp Cy f, u Cy fp. 


BKJIOUHTeIbHO) WM C) gy (BCA BbIIeexKalllad “YaCTh paspesa LO MOMOWBEI H3-f 


BecTHAka C,). B moq3oHe Cj) g, onpeyesentt copamuyudeppr — Ammodiscus,i 
Nanicella ex gr. ammonoides (Brady), Endothyra ex gr. bradyi Mikh.,W 
End. ex gr. crassa Brady, Palaeotextularia, Tetrataxis (uacro), Valvulist 
nella, Monotaxis, Archaediscus, Eostaffella, Parastaffella u ap.; Boqopocam 
Calcifolium, cTpomaTomHTbI; OOMIbHEIe OCTATKH KpuHOUuel; Kopanapr — Li-f 
thostrotion junceum Flem., L. rossicum Stuck., Aulina rotiformis Smith,} 
Aul. carinata (Carr.), Dibunophyllum turbinatum M’Coy, Chaetetella cf. 
repens Sok. uv yp.; 6paxuonogpnt — Rhipidomella michelini Ev., Chonetes cf. la-f 
guessianus Kon., Productus (Gigantoproductus) giganteiformis Liss., Pr. (Gigan-§ 
toproductus) latissimus Sow., Spirifer trigonalis Mart., Sp. pellaensis Well.,| 
Athyris ambigua Sow. u mHorve ypyrue; nenemunogp — Nuculavus lucini-~ 
formis (Phill.), Anthraconeilo olegieformis Schul., Anthr. inflata Anast.2 
Posidoniella sp. u gp. 

Tloygona C} g} conocrapasetca c BeHeBcKO Tomueli TloqmocKkopnoro 6aecat 
celina HM OTBeyaeT BepxHell YaCTH OKCKOrO NoAbApyca Buselickoro aApyca. 

B ocaykax Bepxueli yactn 30HpI C] g(= moysoHa Cy gy) w HMxKHeL vacTED 
Cia, — WO wecuaHuka noq usBecTHakom C3 (= nog3oHa Cr a,) onpeqeneHbe 
peykue popamuHMephl, OTHOCAULMeCA MpeuMyllecTBeHHO K pofzam — Hyperam§ 
mina, Endothyra, Tetrataxis, Archaediscus, Eostaffella; crpomatomutp; vacTEKe 
ocTaTKH KpHHoNgen; Opaxuonogp — Lingula sp., Chonetes laguessianus Kon.) 
Productus (Gigantoproductus) latissimu Sosw. (mHoro B Cj a,), Pr. (Buxtonia® 
scabriculus Mart., Camarotoechia ex gr. trisulcosa Kon. u jip.; WeleLHnO,b —e 
Nuculavus luciniformis (Phill.), Anthraconeilo olegieformis Schul., Polideva 
cla sp., Solenomorpha parallela (Hind.), Posidonomya u paq ypyrux¢ 
OouH xapakrep 6HoueHo3a pesko OOeqHeEHHEIM (OCO6eHHO B TO30HeE CY at 

Moys3onsi Cy g, Hu Cj ay conocraBuisioTcaA ¢ TapyccKuMH ¥M_ cremieBcKuMil 
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cnosmu Tloqmockosba HM oTBeuaIOoT CeprlyxOBCKOMy NO,bApycy Bu3elicKOro} 
apyca yHMpHuNpoBaHHow cxempl 1951 r. : . 

Hospie JaHHpie 06 OTJOXeCHHAX KOHIWA HAKHCKAMCHHOYTOJbHOH SNOXH} 
p JloH6acce, K KOTOpbIM OTHOCATCA TO30Ha C} a, HM 30HbI Ci b,c) c 1.Gae 
W3I0X%KeHLI B HeaBHO OMyOmMKOBaHHOM cTatTbe (*). CormacHO HOBeHLIMM Mpey-| 
CTaBJICHHAM, PaCCMATPHBaeMbie OTJIOXKCHHA, OTHOCALIMeCA K ORHOMY (crapo-| 
OelUEBCKOMY) 93Tally OCaKOHAaKOMJIeHHA, COMOCTABJAIOTCA C NPOTBHHCKOH TOJI- 


o eo n q 
wei Tlogmockosuoro 6accelina. Ananoru 30HbI Cyd (cOOTBeTCTBYIOINHe BbIAe- 
menHpim E. A. Pelitmmurep BepxHempOTBHHCKHM CJIOAM) Ha 102KHOM KPpbIJe§ 


oe n 
Tlogmockosnoro Gaccelina, mo-BuyuMomy, oTcytcTBytT. Iloq30Ha Cy a, H 30-5 


HbICTb, Cic u Clb otnecens! kK GemlesckomMy noybapycy * BH3elicKoro 
apyca, KOTOpbIi 67M3KO cooTBeTCTByeT HWKHemMy HaMiopy SanayHoh Espo-§ 
Ilbl H, TO MH@HHIO ABTOPOB, 3aBeplwaeT OTJIOKCHHA HHMKHETO OTe/la KaMeH-| 
HOYIOJIbHOM CHCTeMHI. 

B 3aksoueHve OTMETHM, YTO HCCJIeQOBaHHA NMOCIeqHHX eT MOKAa3bIBAatOT} 
HEOOXOJMMOCTb YTOUHEHHA CYINeCTBYIOWleH YHHPHUAPOBaHHOH CXeMbI CTpaTH- 
rpadun HuxKHero KapOoHa (4), OasHpylomeica Ha He COBCEM NOVIHOM paspeses 
IloymockosHoro 6accehHa. . 

Ilpenmaraempie aBTOpaMH H3MeHeCHHA STOH CXeMbI CBOAATCA K CuJleqyroulemy! 
(cm, Ta6n. 1). B cocTrape sMXBHHCKOTO MOfbApyca BbIfeAeTCH HH XKHAUE 


: | 
TOPH30OHT B O6beMe, COOTBETCTBYIOULCM 30HE C) a, JIM O3ePCKO-XOBaHCKMM} 
H OucctbepoBbiM CNOAM (HU3bI MasieBckOH TomtH) TloqMocKOBbs. ITOT ropH30HTp 
npeqaraetcA Ha3biBaTb HOBOTPpOHUKHM. B yYepHbILIMHCKOM oypapyce npeyx4s 


e t I 
MaraeTCA PasJIMYATb YEPeNeTCKHH YTOPH30HT B OO6beMe 30HbI Cre WH HYKHer 1 


t ° 
yactH C,d JlonOacca uu uepHpnunHcKkoH TommH TloqMocKOBbA, a Take 
4WHKMaHCKHH ropw3s0oHT H. I]. Mamaxopoh (°), CcooTBeTcTByIOU\HH BepXHek 


t i 
yactu C,d Jfon6acca. B npegenax cTanMHOrcpcKoro TOPpH3OHTa BbIJeJIAIOTCS 
TpH TOJMMH (CHH3y BBepX): JIYHbeBCKad (OTBEUaeT JIVHbeEBCKOMY TOPH30HTY ff 


T. €. BepXaM KM3e0BCKoro ropH3oHtTa mio H. TI. Manaxoson (9), nam Cy a 


Flon6acca), ombrHHcKasd (oTBeyaeT 30Ham C;b u Cyc JlonOacca uw oruacryyy 
yrseHocHow Tomme IloqmockoBbs, a Takxe I u JI] naukamM oTmoxKeHHH, BbITeW 
neHHbim H. I]. Manaxosoli (§)) u yrenHocHan (oTBe¥YaeT YrJIeEHOCHOH TOME 


Tloqmocxogpa u Ypasa uu 30ne Cyd uw orgacTy HMKeNeKamMel 30He Cy, 


Hlon6acca). BepxHiolo yacTb HwxKHerO Kap6ona B O6beme MOs30HLI Cian 
(OT NOQOWBbI NecuaHHKa MOA H3BecTHAKOM C, WO U3BecTHAKa D,) H 30K 


n 
Cib, Cie u Cid mpeqmaraetca BbIeHTbh B KayecTBe BepxHero, GewleBCKOr 
NOAbApyca BUSeHCKOrO Apyca. 


Tlocrynnsto 
16 VII 1956 


WHMTHPOBAHHAA JIMTEPATYPA 


7C. B. Topak, Teor. »ypy. AH YPCP, 16, B. | (1956). ®H. Tl. Manaxosakt 
TAH, 81, N6(1951). ® H.T.Manaxosa, JAH, 97, N 6 (1954). 1° Pesoniouna cal. 
BellaHHA M10 BONpocy 06 OGbeme HaMIopcKOorO sApyca H ero NONOXKeHHH B KAMCHHOYTO.1bHOMH 
cucreme, Kues, 1954. 44 Pewenna Beecow3noro conemanva no BbipaGoTKe yuudHuHpoBar fr 
HO CXeMbI CTpaTurpaHH KaMeHHOYTOAbHbIX OTO*KCHHA PyccKoh NnatmopMbl u 3anaAHoro CKNCHE 
Ha Ypana, 1951. 27 A. Tl, Pota#, Tp. 17 Mexaynapoan. reon. xourp., 1, 1938S 
IBA. TL Poa i, Huxunit kap6on, 1944.14B.H. Tu x uf, COopx. Boabmofi Don6acc, 1941) 


* Panee paccmaTpvBagca Kak G6elleBcKHit apyc (3). 
592 


Hoxazags Akagemunu nayx CCCP 
1957. Tom 115, M3 


TPEOJIOFH Af 


B. C. 3ACTIEJIOBA 


BO3PACT BEPXHHX YIJIEHOCHbIX CBHT KAPATAH]MHCKOrO 
BACCEHHA- NO JIAMCTOHOrMM PAKOOBPA3HbIM 


(ITpedcmaeaeno akademuxom J. B. Haauexuneim 21 I 1957) 


J[pycTBopuatble JMCTOHOrHe pakooOpa3uble ((puIONO{b1) B KOHTHHeHTaJIb- 
HbIX YIJIEHOCHbIX OTJIOXRKCHHAX BCTPevaloTCA AOBOJIbHO YacTO Kak B CCCP, Tak 
WB Apyrux ctpanax (Opanuua, Tepmanua, Auraua, Bosrapua, Ces. AMepuka). 
Onn MoryT caly2KuTb, C OHO CTOPOHbI, NoKasaTeAMK BOspacta, c Apyrol, — 
XapakTepu3yloT oOllpefeseHuble (aun. 

B paspese yruieHocHolH TommmM Kaparanguuckoro Oaccelina Ha OCHOBaHUM 
AeTaIbubIX JIMTOJICro-NeTporpaduyeckuxX HUcceqOBaHHH MW W3yseHHA oOpraHu- 
4eCKUX OCTaTKOB (opbl, PayHbl), YCTAHOBJIEHbI Cle fyloule CBHTbI: aKKyyK- 
CKaH, allwinpukcKas, HaalliApMkKcKaA, KaparaHHHcKas, HallKaparaHAMuHckKadm, 
| OIMHCKaA, HaffomuHcKan (TeHTeKCKasl) WH WaxaHcKas. 

: JIucToHorve pakooOpasHble BCTpeyaloTcH BO BC€X CBHTAX, 3a HCKJIOUeHHeM 
TpeX HMKHUX. BospacT STUX CBUT Pa3JIMUHbIMM VCCJeOBaTeIAMH OWeHHBaeTcA 
Nlo-pa3sHomy. 

He ocraHaBiuBancb Ha pacCMOTpeHHH ompefesieHHA BO3pacTa BepXHHX 
YIJICHOCHBIX CBHT N10 paCTHTeJIbHBIM OCTATKaM, KOCH€MCA KpaTKO CYINeCTBYIO- 
WX MpefcTaBleHHl O BOSpacTe STHX CBHT Ha OCHOBaHHM M3yYeHHA JIMCTOHO- 
THX pakooOpa3ublx. 

VW3 Kaparaufuuckoro Oacceliwa mMcTOHorve pakooOpasHble (usoNo{b!) 
BilepBble OblIH ompefetenb! E. M. JltorKepuyeM Ha MaTepHaJie, JocTaBsIEHHOM 
KaparaHuucKol yrombHol 9Kcnequunenh AH CCCP. Stu onpegesenua Boman 
B pa6otp E. Il. Byrogot (4), B. B. Konepnnok (74) u A. A. Tlerpenxo (°). 
BospacT JOMHCKOM HW HaqoMMHCKON CBUT MepBOHavasbHO ONpefenasca E. M. 
JltoTKeBHueM Kak cpefHeKkapOoHOBbIH. B TeyeHHe HeCKOJIbKHX JIeT U3yYeHHeM 
JUCTOHOrHX pakooOpa3Hblx 3aHHMavica B. E. Mupommuyenko (°). Ilo ero ompe- 
JIeNeHHAM, BO3pacT BepXHeH YaCTH KaparaHAHHCKOH, HayKaparaHANHCKOH UM Jo- 
JIMHCKOH CBT oMpejleiseTcaA HaMIopCcKHM (HwKHUM Kap6Oon). H. MW. Hopoxusno- 
BbIM (7) OblIH H3y4eHb! JHcTOHOrHe ceMelicTBa Leaidae u3 oNMHCKOM M Hal- 
JONMHCKOH (TEHTEKCKON) CBUT H YCTAHOBJIEH BepXHeKapOOHOBbI BOSpacr. 

Kak moka3aIo H3yseHHe JIMCTOHOrHX pakoOOpa3sHbIX H3 MHOPOUHCJICHHbIX 
cKBaxkuH Kaparanquuckoro OacceliHa H pala coceHHX MecTopoxyeHHi Ka- 
3axcTana, Ooubllad YacTb BHAOB JMCTOHOrHX 9HAemuuHa. Ho cpeu HUX BCTpe- 
YaIOTCA eCMHHHYHbIe BUALI, MMeIOWHe OYeHb OosbOe CXOACTBO C BUaMM, ycTa- 
HOBJICHHBIMA paHee H3 cpefHe- H BepXHeKapOoHOBbIx oToxeHHM CCCP (Jlon- 
Oacc), BecTdasIbcKHX HM cTe*aHcKHX oTMOReHHK San. EsBpombl W NeHCHJIbBaH- 
CKHX oTNOx*Kenni Ces. AMepuku. Cpapuenna c Buyamu u3 JloHOacca mpoBoyu- 
JIMCb HellocpecTBeHHO No oOpasuam. 

Haxofku sMCTOHOrHX pakooOpa3HbIxX B KaparanquHckom Oacceline lipHypo- 
YeHbI HOO K KPOBJAM YPOJIbHbIX TWacTOB, HOO K aprHJIIMTOBbIM NpocsosM, 
PpactiOoO%KeHHbIM MeXKy HHMH. OOblmyHO OHH BCTpeyaIOTCA BMecTe C OCTaTKaMH 
pacTeHui, OVeHb peAKO C NpeCHOBOAHbIMM MeseuMMoOAaMu, a yallle Bcero BMe- 
cte c ocTpakojamu poga Darwinula u yemysamu pri. Bompume cKkonsenua Ux 
HaGsIOJaloTCA B TEMHO-CepbIX CJIOMCTHIX apruuTax, re OHH OObIMHO pacto- 
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JIOKEHLI Ha WwOcKocTAX HalmacToBaHuaA. B sTux] Moposlax COXpaHHOCTb CTBO- 
poK YacTo MoxXam (MHOrO MOJOMAaHHBIX HM JeCbopMMpOBaHHEIX paKOBHk). 

B TOHKOOTMYYeHHBIX TEMHO- MH CBETJIO-CepbIX HEACHO-CJIONCTHIX MOpOMaxX OHH 
€MHVUHbI, paccesHbI M0 Nopose, HO Wy 4We coxpanHocru. Hannyumiad coxpan- 
HOCTb CTBOPOK JIMCTOHOrUX HaOmofaeTCA B KapOOHaTHO-CHAePpHTOBbIX KOHKPe= | 
IWMAX, OTHOCAIMMXCA K OCaKaM O3ePHbIX H OOMOTHDIX (allui. . 

HanOonee peBHHe OCTaTKH JIMCTOHOrHX B paspese yrvleHOcHOou TOIL Ka- 
paraHquucKoro OacceliHa OTHOCATCA K BepXHeH 4aCTH KaparaHJHHCKOH CBHTHI. | 
Paspe3 BepXHeli uacTH KaparaH{MHCKO CBHTbI (BbILMe YrOJIbHbIX M1acTOB kyg— } 
kj.) XapakTepu3yeTCA UaACTbIM YepeOBAHHEM APrHJIMUTOB, aleBPOJIMTOB HM MeC- & 
YaHHKOB, OTHOCAMIMXCA K (alWaAM 3aCTOMHbIX MIM CaOO-MpOTOUHbIX o8ep. § 
B TeMHo-cepbIX CJIOMCTHIX APrMJWIMTaX MB CHePpHTOBbIX KOHKpellMAX HalieHbl: 4 
Hemicycloleaia minima (Pruv.), H. ex gr. tricarinata (M. et W.), Pseudesthe- 4 
ria aff. dawsoni (Jones) H HeKoTopble Apyrve. 

Tlepppiit Bul INMpOKO pactipocTpaHeH B BecTipabCKUX OTMOKEHMAX Satlay- a 
Hol Eppombl M B OTMO%KeHHAX cpeqHero KapO6oHa CCCP. Bropow Buy onvcaH 
W3 MeHCHJIbBaHCKUX OTJORKeHHH Ces. AMepuKku. TpeTui Bu WIMpoKo pacmpo- Z 
CTpaHeH B KapOoHoBbIxX oTMoxKeHUAX CCCP u 3an. Esponpi. IIpucytcrBue yka-; 
3AHHbIX BHOB, a TakxKe Siberioleaia barroisei (Raym.) u Kaltanleaia pruvosti 3} 
(Raym ), 61v3KHxX K cpefHe- HM BepXHeKapOOHOBbIM BHJlaM, JlaeT OCHOBAaHHe 
CUHTATb BO3pacT BepXHeH YacTH KaparaHAMHCKOM CBUTbI He ApeBHee cpefHero § 
KapOoua. a 

B TeMHO-CepbIX aprusMTaX MW KOHKpelMAX HM KHeH UM cpeHeH yacTeH Hay- | 
KaparaH{MHCKOH CBHTbI (BbIe yroubHoro Nacta key Ha 30—50 mM uw 150—180 M) 9 
BCTpeualorcnd eAHHMYHbIe JIMCTOHOrMe THMa M3BeECTHbIX B BepXHel YaCTH Kapa- 3 
raHjuHckoH cBuTbl — Hemicycloleaia minima (Pruv.), H. ex gr. tricarinata } 
(M. et W.) u Ap., Hapsayy c KOTOPbIMH MOABAIOTCH B OOJIbIIOM KOJIM4eCTBe & 
MeJIKVe, HeKMJieBaTble (opmbl Pseudestheria nana sp. n., H3BeCTHble B BbIMee- FP 
*KalluxX oTMO*ReHuAX. IIpucyTcTBve OOWMX BUAOB JIA KaparaHAMHCKOH u Haf- & 
KaparaHJUHCKOW CBUT JlaeT OCHOBaHHe OTHOCHTb UX K OJHOMY BOSpacrTy, T. e. 
cpeqHemMy KapOony. 

B AOMMHCKON CBHTe, re MpeoOsaqawT OTMOAReHMA OSePHbIX aun, JMCTO- Fi 
Horve pakooOpasuHble WMeloT HavOosee WMpoKoe pacnpoctpaHeHne. Ipocnon * 
€ JIMCTOHOrMMH HaOtOfasMCb BbIWe YFOJbHBIX MaCTOB fi —Jo, As —a, As, Ae i 
Ag, Aro, Mur. Il]pu stom HeoOXouMO OTMeTHTb, UTO HEKOTOPble NpOcMOH UMeIOT B 
OUeHb OrpaHHyeHHoe pacipocTpaHeHve Ha MoWlayH. 

Bmecte ¢ JIMCTOHOrHMH 3Jlecb OOHapy2XKeHbl B OONbIIOM KOMMUeCTBe OcTpa- 
Kogb! poga Darwinula. 

B nw xKuHeli  BepXHeli YacTAX JOMHCKOH CBHTI IpeMMylecTBeHHOe pacmpo- 
CTpaHeHve HMeIOT SHJeCMMYHbIe HeKHeBaTble Copmbl HW Pseudestheria simoni 
(Pruv.), P. ex gr. cebennensis (Grand’ Eury), u3BecTuble 43 cpeytHe- H BepxHe- 
KapOoHoBbIx oTMomKenu Jlon6acca u 3an. Epponpt. B qonuncKoli cBute TaKxKe 
pactipocTpanenbl H KHseBaTble PopmbI: Monoleiolophus unicostatus Raym., Aus- 3h 
traloleaia ashleyi(Raym.), Siberioleaia haynesi (Raym.) ,Kaltanleaia ex gr. 
baentschiana (Beyr.) TepBble TpH Bua XapakTepHbl JWIa BepXHe-MeHCHIbBaL- | 
CKHX OTO*KeHMH (cepuA KoHeMo) Ces. AMepHKu, a YeTBepTHI usBecTeH ! 
M3 credbancKoro spyca lepMaHuH. STH BUAbI BCTpeyawTcA UM B BbIilewe*Kalux | 
OTJIO*KCHUAX BMecTe C APyrMMM BepXHeKapOoHOBbIMH Buamu. Tlostomy oTno- % 
XKCHUA JOMMHCKOM CBUTHI, BEPOATHee BCero, OTBEYAIOT BepXHeMy KapG6ony. 

B HaouMHcKOH (TeHTeKCKOM) CBUTe, TAK Ke KaK MH B JONMMHCKOM, Ha6mtO- J 
WaeTCA 3HAYATEMbHOe UACIO MpOCMOeB C JMCTOHOFHMH (BbIIIe YrObHbIX MacToB f 
HT,, HT5, HTg, HT9, HTy9, HTy3, HTyg, HTyq, HTy5), KOTOPble TaKxKe HMeIOT OrpaHHuen- fe 
Hoe pactipocTpanenue. : 

B HalqomMucKkol cBuTe, B OTMYMe OT MOMMHCKOM, Mpec6maqaiomjee pacnpo- 
CTpanenve UMelwoT KuseBaTble dopmbl: Monoleiolophus unicostatus Raym., | 
Siberioleaia haynesi (Raym.) S. aff. williamsoniana (Jones), Kaltanleaia ex | 
gr. baentschiana (Beyr.), K. ex gr. regisborisi (Krestew), Hemicycloleaia leavis } 
Raym., Koropble o4velb OMSK BHaM, pactipocrpaveHHhIM B BepXHeKapOoHo- 
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Il€HCHJIbBaHCKHX OTJORKeHHAX CeB. AmMepHKH. ' | 

Boe No paspesy B TOHKOSePHHCTHIX aprMJIMTAX OSePHIX Pauw WaxaH~|p 
cKoli CBHTbI BcTpevenbI: Hemicycloleaialeavis Raym., Kaltanleaia ex gr. baen-f 
tchiana (Beyr.), Kaltanleaia regisborisi (Krestew) u Apyrve Hopble Bus. Ilo} 
oOuleMy OOMKY HM BHOBOMY COCTaBY KOMIJIeKC JIMCTOHOrHX WaXaHCKOM CBHTBL | 


BuoB. Ilo BospacTy 3Ta CBUTa TaK?Ke OTHOCHTCA K BepXHeMy KapOony. 

B ofHOBO3pacTHbIX OSePHbIX OTMOMKeHMAX Apyrux MecTopor*enuh Kasax-|b 
ctana (CamapcKoe, 3apbsasnopcKoe, Kymnan-YrTMec, Tenu3-KopxyHKyJib, OKU-R 
6acry3) coTpyfHuKamu KasaxcTaHcKol yrojbHol 9KcHeAMUMH Take Obl HaHt- iB 
WeHbl JMcTOHOrHe pakooOpasuble (cm. TaOm. 1). B KommmekcaxX UX HapAyy C 
S9HJ€MMUHBIMH BHaMM BCTPeUeHbI eMMHVUHBIe BUAbI, UpesBblyaHHO OMSKMe ly 
KaparaHHHCKMM, UYTO JaeT BOSMOKHOCTb COMOCTABIATb pa3spe3bl, pacnoso-|h 
MKeHHbIe HA OOMbIWMX PaccTOAHMAX pyr OT Apyra. | 

B 3aKkJ1OUeCHHe MOXKHO OTMETHTb, UTO KOMIVIEKCbI Ka3aXCKHX JIMCTOHOrHX 
XapaKTepH3YIOT PasJHUHbIe YaCTH paspe3a VM CBA3AHbI C ONpefeeHHbIMH rpyl-¥ 
maMu @auHi: 3acTOHHbIX O3ep, OOMOT MH MeJIKHX, BOSMOKHO TlepecblXa1ollHX, |f 
BOJIOEMOB. . 


Jla6opatopua reonoruu yraa Tloctynusi0 
Akajemuu wayKk CCCP 10 I 1957 
Jlenuurpay 


HWHMTHPOBAHHAA JIMTEPATYPA 


E. II. By tToBa, Tp. Jla6. reon. yrna AH CCCP, B. 2, 271-(1954). ? B. B. Ko mage 
1, 88, Ne 6, 1035 (1953). § B. B. Konepuna, Tp. Jla6. reon. yraa AH CCCP, 
1954).4 B.B. Konepnuua, Tp. Jla6. reon. yrna AH CCCP, B. 4, 5 (1956). © A. A. 
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FTornags Akagemuu nayk CCCP 
1957. Tom 115, Ne 3 


[EOJIOVH ff 


r. H. KOMAPMHKHHA 


KEJIJIOBEMCKHE OTJIOMKEHHA WEHTPAJIBHOM YACTH 
- CEBEPHOrO KABKA3A 


(ITpedcmaenexno axademuxom C. H. Muponoeoim 25 I 1957) 


Teonoropa3BeQOuHbIMH paOoTaMM MoceqHUX eT YCTAHOBMeHA MIPOMBIWIeH- 
HaA Ta3soHe*TeHOCHOCTh KeJIJIOBeHCKHX oTMOxKeHHH B MatKkoncKoM palioue, 
4TO MO3BOJIACT CUHTATb STOT KOMIVICKC MEPCNeCKTHBHBIM TakxKe UH B Apyrux o6a- 
eTax CesepHoro KaBka3a, B YaCTHOCTH, B ero WeHTPasbHoH uactTu. Tlostomy 
\WpelcTaBsetcA KpalHe BaxKHbIM BbIACHHTb XapaKTep OTJIOXKeHHH Apyca B 
peqelax yKa3aHHOH TeppHTopHn. 

BpInOJIHeHHbIe HaMH JeTaJIbHble ToweBble WH JIaOopaTOpHble uccmeqOBaHUA 
OcOoOeCHHOCTeH OTJIOXKeHHH KeJJIOBeHCKOrO Apyca, Pa3BHTbIX Ha yuacTKe OT 
p. Uerems Ka6apauno-BaaKkapcxoh ACCP no p.B.Jla6a Kpacnogapcxoro kpaa, 
MO3BOJIHJIH YCTaHOBUTb, YTOCpeH HUX HanOO/bulee pacipocTpaHeHHe HMeIOT 
'TePPHreHHble NOPOAb (KOHTVIOMepaTHI, PPaBeJIMTbl, NeCKH WM TMeCuaHHKH, aseB- 
POJMTHI, PIMHbI), KOTOPbIM MOAYHHeHbI KapOoHaTHble NOposb (Mepresu, U3BeCT- 
HaAKH). [lepBbIMu C1O2KeCH HH YKHEKEJJIOBEHCKHM NOAbAPYC, BTOpPble IPMCyTCTBYIOT 
cpelu mopok cpeyue- HM BepxHeKeIOBeHcKoro NosxbApycos. Cpequ kpynHo- 
OOJIOMOUHbIX MOpOA BO MHOrHX pa3spe3ax OTMeUaeTCA NPHCyTCTBHe rpaBesuTOB, 
peske — KOHTJIOMepaToB. 

KoursiomepatTbl OTMeuaIoTCA B COCTaBe Apyca B Bue MpocsoeB HeNOCcTOAHHOK 
MOINHOCTH Cpe rpaBeJIMTOB HW TeCUaHHKOB, WIM B BUJe Oa3asibHOoro ropu3o0HTa 
B OCHOBaHHM pa3pe3a apyca. B nepBom caly4ae O6bINHO OHH HalleO C/OxKeHbI 
KBapleBbIMH MH KpeCMHHCTHIMH TaJibkKaMu pa3sMepoMm B 1—5d cM, pesKo — OovIble; 
B Oa3aJIbHbIX 2%Ke COAX HapaAy C raslbKOM 9TOrTO THMa BCTpeyaoTcaA KPyMHble 
MOJIyOKaTaHHble OGJIOMKM MeCUaHbIX, MCPreJIbHbIX, H3BECTHAKOBbIX H CHJepHTO- 
BbIX MOPON, MPHHHMAIONUX yuacTHe B CMOAKCHHU MOACTHMAIOMIMX Gomee WpeBHUX 
komnmueKkcoB. Uae Bcero KOHTJIOMepaTOBble COM OTMedalOTCA B pa3zpe3ax 
MuxepaoposcKoro paiona. 

[paBeutbl 10 MHHepasIbHOMY cocTaBy Mpu6muxKatoTcaA K apKo3am. [Ipeo6- 

NaaiouluM B CocTaBe JerKol PpakUMu ABJIACTCA KBapll, CodepxaHue KOTOporO 
KomeOmetca ot 40 no 70%. Iloneppre winaTbl! IpHCyTCTBY!OT B KOJIMUeCTBe OT 
25 no 44%, mpemcTaBJIeHbI OHM P1aBHbIM O6pa30M OpTOK1a30M, perxKe — MHKPo- 
KJIMHOM C MOXUMHEHHBIM KOJIMYeCTBOM KHCJIbIX vIarMOKa30B; MYCKOBUT, OO- 
OMKH NOpogx cocraBsstioT oKosmo 10—30% dpaKkuui. 
-~ [papenurst cosepxkaT 3HayMTeIbHy!0 TIPHMecb KpymHonecuaHon pakuAn. 
PacnpoctpaHeHbl OHH HepaBHOMepHO. B HeKOTOPbIX paspe3ax OOOCOOAIOTCA 
B KPyNHble cou MoulHOocTbIO Jo 10O—15 M; B Apyrux upucyTcTByIoT B Buse 
TipocoeB HW JIMH3 Cpeu MecuaHbIx Mopod. 

Han6omee MOIHBIe NpocoM FpaBeJIMTOB OTMeYaIOTCA B paspesax M10 
pp. Surkaxony, Kyme, M. 3enenuyxy, B Harytckol onopHod cKBaxKuHe;, NoLu- 
HeHHbIe Tpociow (40 HeCKOJIbKHX’ MeTpOB HM MeHbUle) MPHCyTCTBYyIOT TIO 
pp. Bb. Senenuyxy, Ky6anu u Baxcany. 

Tlecku wv mecuaHukKH COXpaHAIOT TOT %Ke MHHEePaJIbHbIM COCTaB, UTO HM rpaBe- 
Nurs. Jlerkad tbpakuua ux CylaraeTcAd B OCHOBHOM kKBapuem (oT 30 no 90%), 
NOJeBLIMH WHatamu (oT 7 Wo 25%) u MycKoBuTom (2—5%). 
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B Taxelol (ppakuMH MecdaHHKOB HM paBesIMTOB YCTaHOBJICHO MPHCyTCTBUE 
B 3HAUNTCIbHOM KOJIMYeCTBe MHHepaOB YCTOMUMBOH rpynmbl (IMpKOH, rpaHary 
TYPMAJIMH, PYTHJ), MHHepasOB PPyNNbl WIbMCHHT-MarHeTHTA, CJIOA, THTAHOK 
comep»Kamux. B MeHbIIHX KOJINYECTBAX IIPHCYTCTBYIOT THTAHUT, CTaBPOMMT 
3nugot, nou3ouT. Ilo rpanysomerpuyeckomy CcocTaBy NeCKH MW NecCuaHukH MOry 
6bITh NOMpasMeeHbl Ha TpyOoS8epHHCTHIe, CPeMHE3eCPHUCTHIC WH MeJIKOSEPHHCTHI) 
pasuocTH. B cocTape rpy6o3epHHCTbIX NeCYaHHKOB H T€CKOB NPHCYTCTBy10"4 
3epHa Ooulee KpyNHbIX pa3sMepHocTeH — rpaBMH M MeKad FaJlbKka, oObluH 
MeCuaHHKH TECHO CBASAHbI C TpaBesIMTaMH, NepecavBaAcb C HHMH JIM BKJIO} 
yaad UX CMHMUHbIC MpoOcJIOM HM JIMHS3bI. 

CpemnesepHUcTble H MeKO3CPHUCTBIe NeCuaHHKU OTCOPTHPOBaHbl HeOWMHA 
KOBO. B HeKOTOpPbIX PaSHOCTAX B HUX, KpoMe TecuaHoH pakUHH, MpHcyT 
CTBYIOT aJIEBPHTOBHIe UaCTUIbI. OMHakO 3HaUHTeIbHaA YaCTb M€CuaHbIX NOpo)| 
culOwKeHa OFHOH Ppakinel, B CuY Yero COsaawT BECbMa BbICOKHMH KOJIJeK] 
TOpcKHMH. cBolictBamu. Han6onbuiee pa3BHTHe TecuaHuKM MmpHoOperaroT 1 
ganaqubix (pp. Ypyn, Jla6a) uv BocrouHbix palionax (pp. Baxcax, Uerem) pacf 
CMAaTPUBaeMOH TeppuTOpHH. 

Tuubl, IpHHuMarollue KPavne He3HayHTeIbHOe yuacTHe B CTPOeCHHH Apyca} 
OKPaleHbI B CepbIi H 3eNeHOBATO-Ccepbili WBeT, COWePpKaT B CBOEM COCTAaBe 3Ha 
UMTCIbHYIO IPHMeCb AaJICBPHTOBbIX YacTHI H KapOoHaTOB. OOnINHO riMHbI Nepe 
CNaMBaIoTCA C M@JIKO3EPHHCTbIMH MecuaHuKaMM, pelKO oOOoco6AACcb B BUA 
6oulee HIM MeHee MOLIHEIX culoeB (10 1O—15 m no pp. M. u B. Jla6e u Baxcany) 

MepresbHble H H3BeCTHAKOBbIC TOPOMbl HMeCIOT OrpaHW4yeHHoe pacmpocTpal 
HeHMe, TIPCHMYLNeCTBEHHO B 3aMaqHbIx palionax. Cpequ Hux uae Bcero BcTpef 
YalOTCA H3BeCCTHAKHM OOJIMTOBbIe H OGJOMOUHbIC, HHOra WeETpUTyCOBbIe. OG6EIUHCE 
OHH COMepxKaT 3HaAUMTeMbHYIO MeCuaHO-aJICBPHTOBY1O IIPHMeCb HU OCOJIOMKH Apy: 
rux tlopoy. B 6acceline pp. Bakxcana nu UeremMa B U3BeECTHAKAX MPUuCyTCTByel 
OOUJIbHaA aACCOWMalWA PpaKOBHH MOPCKHX exKeH, AMMOHHTOB, Opaxnonoy 
KpuHonpen. 

Ilpu feTambHbIx MeTporpacbo-MMHepasOrMyeckux UCCIeOBAHHAX HaM yai 
JOCb BbIABHTb OCHOBHbI€E 3aKOHOMePHOCTH B paciipocTpaHeHHW OMMCaHHbIX 
THNOB Topo Apyca Ha M3y4eHHOH TeppuHTopuH. C sTOM Wembio A Kaxwkorcy 
paspesa ObluiH NOACUMTAHbI CYMMapHBIe MOI[HOCTH BCeX PpaBeHTOBbIX H KOHTJIO-§ 
MepaTOBbIX, T@CuaHbIX, AJICBPHTOBbIX, TJIMHHCTbIX H Me€PreJIbHO-H3BECTHAKO 
BEIX CJIOCB, H HX CYMMA@ OTHECeHa K MOLIHOCTH Bcero Apyca (Ta6n. 1). B xoned 
9TOPO AHAIH3a BLIABMJICA PAN JMTOMOTO-baluNaJIbHbIX 30H (puc. 1): 1) BI Ipuxucano-f 
BOJCKOM paloHe B COcTaBe APyca BbIJeIAeTCA 30HA IIPCHMYIICCTBEHHOFO pasBu-f 
THA KOHTVIOMepaTOB, TpaBeJIHTOB, PpyOO3ePpHHCTHIX TpaBeHCTbIX MeCUaHHKOE 
(pp. Sumkaxou, Kyma, M. Senenuyk). C tora u ceBepa ee oKaiimaaer oO6mmpHase 
OOaCTb IIPeMMYINeCTBeEHHOrO pasBHTHA TecuaHNKOB, KOTOPad Hamu Mospasye- 
JIN€TCA Ha YeTHIPe YACTHBIX 30HHI; 2) 30Ha, B Ipesemax KOTOPOH sApyc cox*KeRH 
yxke mecuaHikKaMH, HO Bce emle C OOJIbIIMM KOJIMYeCCTBOM KOHTJIOMepaToB,) 
rpaBeJIHMTOB HU rpyOosepHHCTHIX PpaBeIHCTHIX NecuaHukosB (oT 50 20 25% or Mout 
HOCTH Apyca); 3) 30Ha pasBUTHA NeCUaHHKOB C MCHbILUM KOJHUCCTBOM KPyIHO-# 
OOJIOMOUHBIX NOPON; 4) 30Ha PasBUTHA TOKO TecuaHHKOB, 6€3 KOHTVIOMepaToEt 
M rpapewHToB; 5) 30Ha pasBHTHA MeCuaHHKOB, Cpe KOTOPHIX NOABAAIOTCSE 
MpocsIon Oowee TOHKOOGJOMOUHBIX PasHocTeH — aJleBPOJHTOB uM ruivH. Pacna-f 
WaeTCA OHA Ha [Ba H3OMMPOBAHHBIX Apyr oT Apyra yuacTKa: OMMH pacnomaraetcs 
sanaqHee KucopoycKo-KyOancxoro paliona (Gaccetw pp. M. un B. Jla6nnA 
wpyrou — Boctounee (pp. Maaka—Baxcan). B wiecryio uw nocwenHTOI0 30HY le 
oObeuHAIOTCA Te yuacTKH CepepHoro KapKka3a, rye Mecuanuku uMerwT nose 
4WHHCHHOe 3HaveHHe, a MpeoOmaqaiwmad POlb NPHHaMEKUT aeBpomuTaMm HV 
ruiMHaM. 

VsnoxKeHHbt BEIUe Wan pasMéneHua muTOdaMni KemIOBerCKOrO apycey 
B pegemtax LlextpambHoro KaBKka3a MO3BOJIAeT HAMCTUTb TNOOSKCHHE ABHBIXG 
M YaCTHbIX UCTOUHMKOB CHOCa OOOMOUHOrO MaTepHasa. IlockompKy o6mee mol 
rpyOeHve MaTepvasa HaMe4aeTCA OT 102%KHBIX PalioHOB K Ce€BEPHbIM, B CTOPOH 
CrapponombcKoro yyacrka IIpeqkapKa3ba, TO 9TO NMO3BOuIAeT HaMeTUTh TOMO 
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2KeHHe OCHOBHOM CYUIM, B Npefsetax KOTOPOM MHTeCHCHBHO pasMbIBaHCbh MerTa- 
Mopdus0BaHHble Noposb! KapOona. Koutypbl cymim onpefensorea annpin 
OypeHUA ONOPHbIX MH pasBeOuHbIx CKBaxKHH (Hesunnompicckas, Anexcanpos- 
ckan, Cenruseesckan, Cepepo-Crapponompekan, Hayropneuckag, Mnatoscxas). 
Ora OOUaA KaPTHHA ObWia OCIORKHeHA HaMUMeM YaCTHOrO NOLHSTHS B patione 
IlaTuropbs, BEIBeJeHHOrO BHIe ypOBHA MOPA B cpesqHewpcKoe Bpema. 3yech 
OTJOXKEHHA KEJJIOBCA OTCYTCTBYIOT B IeOM psxe NyHKTOB (pp. AnuKaHopxa, 
Bepesoska, Kapmunpogckaa wu UepKecckad ckBaxKuHbl). PagmprBamuch mipen- 


,@ SP, Mes * 
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*.GC Harytoxan 
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Puc. 1. JImronoruyeckaa KapTa kemoBelickux ormomeHui Llentpap- 
Horo Kapka3a: @— 30Ha MpeHMYyL{e€CTBeHHOrO pa3BHTHA KOHTVIO- 
MepaTOB, TlaBeJIHTOB, paBeHCTbIX MecuaHHkoB (6omee 50% oT Moul- 
HOCTH Apyca), 0 — 30Ha MPeHMYLeCTBeHHOrO pasBHTHA NecuaHUKoB C 
TOQYHHEHHBIMH CJIOAMH KOHIVIOMepaTOB, TpaBeMTOB, TpaBesMHCTbIX 
mecuaHHkos (oT 50 Ao 25%), e— To xe, PpaBeHTOB, KOHTIOMepaToB 
WH paBemMcTbIX TecuaHHkoB (oT 0 qo 25%), e@e—s0Ha pa3sBHTHA mec- 
yaHHKoB, 0 — 30Ha PasBHTHA TecuaHHKOB C MOJYMHeHHbIMH Mpocwo- 
AMM aJsIeBpOMTOB HM raiwH (oT 25 70 50%), e — 30Ha MpeumymtecTBeH- 
HOFO PpasBUTHA TIHH C MOAYHHCHHBIMH TpOCOAMH MecuaHHKOB UM aseB- 
POHTOB, o¢ — OONaCTb CylIH 


MYIMeCTBEHHO TMasleosovcKve TpaHUTb! MH TpaHOAWOpUTb!, OcoOeHHO B Hauase 
KeJIMOBEHCKOrO BPeMeHH, Pa3BUTHIe B OWKAaKOHCKO-AJMKaHOBCKOM palioue (°). 
3aTeM YaCTb 9THX MACCHBOB OKa3aslaCb BTAHYTOM B TlorpyxeHHe MH MepeKppiTa 
ocayKaMH KeOBelickoro Mops (paloH p. OuikKaKoH). C 3TOrO MOMe€HTAa OCHOB- 
HO€ BJIMAHHE OKAa3bIBaeT YUACTOK CY B patoHe KucnoBoscka u ceBepHee ero. 
Sflech Masleo30HcKaA TOMA MeTaMOp(U3OBaHHbIX OO6pa30BaHHi, BUAMMO, Take 
OKa3aiaCb MPOPBaHHOH TesaMH U3BepxKeHHHIX Topod. Ilo JanHpm B. H. Maps- 
mMHopa (?), Ha HasMuNe TAaKUX Nopor B IlaTuropcKom paione Ha riyOuHe yKasbl- 
BalOT MHOFOUNCJICHHbIe KCCHOJIHTLI TPaHHTOB HM TpaHOAMOPHTOB KpacHoro (OwkKa- 
KOHCKOrO) HM Ceporo THMa, KOTOPble IIPHCyTCTBYIOT B H3BEPKeHHBIX Noposax 
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aKKONHTOB, MIpOpBaBUIMX MaleosokcKuH KoMMseKc. B mocmeqHee BpeMA MIpH-} 
CYTCTBHE H3Bep2KeHHbIX NMOpOA HO BepxHelopcKoH ToMmel ycTaHoBeHo KaB-} 
MMHBOJCKOl CKBaxKMHOH (oKpecrHoctu r. Ecceutyxu). I[IpeycrapaeHbt OHH} 
3\eCb KBaplleBbIMH JMOpHTaMH. . 


Taosruna 


CooTHOIWeHHe OCHOBHEIX THMOB OOJIOMOUHBIX KapOOHaTHBIX MOpO B COCTaBe KeJJIOBeHCKOTO | 
apyca LleutpabHoro KapKasa {| 


Tunbl nopox 


ee pace MecKH H H3BeCTHAKE 
S rpaBenuctble ecu aHHKH ane BPOJHTbI TJIHHBI MH MepreaH 
Palion a necuaHHKH 
B 
a 
MOULN., MOLLE. , MOULH. , MOUIH., MOLLH., 

Ee te El 6 Te sa aes a 
p. B. Jla6a bao 1,0 2,0 205) 5,0 18,3 385 30,8 158,00) — =) 
ors elr B. uM. 50,0 1,0 2,0 22, 4h 17,0 34 10,0 {20,0 _ a 

aObl 
p. M. Jla6a 75,0 8,2 441 4h ik 60 12,4 16 9,6 |13,0 — = 
Mexpypeuse M. Jla6pr | 146 1,0 0,3 79,0 54 32 22, 41955 AS-D) Tbs 5 9,t 
u Ypyna 

p. Ypyn 65 Ald 3,0 58 84 = — — = 5,0 iene 
» b. 3enenuyK 13 ib 54 6 46 — _— — = > = 
» M. 3enenuyK 9,5 3 32 6, 68 = — — — — _— 
» TloakymoKx 108,5 3,9 3,0 105 97 — —_— — — _ —! 
» & SKaKOH 65 39 6 26 40 — — — — _— —, 
» Kyma 32,5 18 56 14,6 44 == — = ~ — — 
» Ky6OaHb 16 1,8 18,4 50,0 bats 10 45) 128, 0 — — 
» DakcaH 140 42755 9,0 67,5 48 9 40 28,0 P} 2 
« Uerem 48 14,0 27 41,0 23 16,5 {36,0 6 14. 
Harytckaa cKBaxKuHa 65 21,0 33 44 67 q 


TlponyxrToi Ppa3sMbIBa TPaHHTOB, rpaHOXMOpHTOB HU KBapweBbIX JMOPHTOB gt 

a B KaKOH-TO Mepe CJNOMAHBIX H PpOroBOOOMaHKOBbIX MeTaMOP*Pu30BaHHbIMe 
MavleO30HCKHX CJIAHIWeB, HaKalJIMBalucb B HelocpeACTBeHHOM OmMs0cTH Kaka 
c ceBepa, TaK H C 10ra B BUe apKO30BbIX rpaBesMTOB H MecKoB. Hexoropogf 
KOJIM4eCTBO MAaTepHasia CHOCHIOCh M3 CKJaquaToH oOacTH KapKasga, rae ke 
KeJIOBCHCKOMY BPC€MeHH B XOJ@ HHBEPCHH BO3HHKJIH YaCTHBIe 30HbI NOLEA 
THH (+). ' 
VWucrutyT ner Tloctynu0 
Akagemuu HayK CCCP EW NG Sy/ 


UMTHPOBAHHAS JIMTEPATYPA 
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Aornzage Akagemunu wayx CCCP 
1957. Tom 115, Ni 3 


PEOJIO‘H A 


A. JI. KHANMEP 


PEOCHHKJIMHAJIBHBIE POCGOPHTHI B FOKHOM YJIY-TAY 
IEHTPAJIBHOFO KA3AXCTAHA 


(ITpedcmaeaeno axademuxom H. C. Ilamcxum 26 I 1957) 


Oxono 20 wer Ha3aq_ B patione rop Kapa-Tay O6bII0 OTKPHITO OHO 3 
‘PYUHEHWUX MMPOBbIX MECTOPOXKAeHHH MWacTOBLIxX CPocwopuToB KeMOpuiicKoro 
so3pacta. Panee Takoro Tula MecTOpoxeHHA cbocdopuToOB He ObIIM H3BECTHBI 
ie TObKO B Kasaxcrane, HO HM BOOOMIe Ha TeppuTopHu CCCP. OyuaKxo yxe 
[aBHO B YJlyTaycKOH CKafluaTOH 30He OTMe4asIOCb MOBbIILeHHOe CosepxKanue 
bocbopa B MOposaxX HMXKHEFO Maleo304; OblLIN OOHapyxXeHbI Taxe cocPopuTo- 
sbIE KOHKPelWHM, BCTpeualolwecA B KPeCMHMCTHIX H KapOOHATHbIX OTJOMKeHUAX 
‘emMOpud. B sTHX 2Ke HMKHEMAeCOSOMCKUX OTJIOXKCHUAX ABTOPOM OblIN OOHapy- 
KeHbI HOBbIeC OoraThle 3aslexKH CocpopHTos. 

HyxkHenaleo30HcKve OTJIOKEHHA 1OKHOH uacTH YuayTaycKo cksaquaton 
OHDI OOpa3syioT KpynHpl BalkonypcKuH CHHKIMHOpHH, mpoTArMBaromuiica 
ia 120—150 kM c tora Ha ceBep — OT WIMpoTh peku Beneytn! Jo GacceliHoB pek 
Cox-cy u Cappl-Oymak. Ora cTpyKTypa ABJIAeTCA UaACTbIO OFPOMHOM HUxKHE- 
[AMeCOSOHCKOH BUA, IpPOCexHBaIOWeMCA MasleKO Ha CeBep B OOAaCTb Bepx- 
ero TeuveHua p. Minmm. Ha 3ganane BalikonypcKkuh cuHKMHOpHH nepeKpbIT 
ieXJIOM MeJIOBbIX MH TPeETHUHBIX OTIOReHHN Typralickol BuajuHbl, a Ha BOCTOKe 
TO ECTECTBEHHbIM OFpaHH4eHHeM CJy2KUT MaccHB Yuly-Tay, CJIOKeHHbIN Mpeumy- 
ECTBEHHO MOpolamMu mpoTeposovickoH rpymul. 

B mpemenax sBocTouHoh uactH BalikoHypcKoro CHHKJIMHOpuA HaHO6omee 
OMPOOHO Hamu Obl M3y4eHbI paspesbl HHXKHero KeMOPHA, TpanuuallMe Kak 
IO KPyIHbIM pa3spbIBaM, Tak M M10 WeOMy PAY TpavcrpeccHBHbIX KOHTAKTOB 
| BYJIKAHOFeHHO-OCaOUHEIMM, YaCTHYHO PPaHHTHSHPOBaHHbIMM OTJIO7KCHHAMH 
[POTepOSOliCKOH FpPyNUbI, ClararoulMMH 3allasHoe KpblIo KpynHoro Malitio6un- 
Koro aHTuKIMHOpUuA. JIA STOM KpaeBOM uaCcTH HMKHEeMameo3s0HcKoro Mpo- 
wOa XapaKTepHbl COKPaLleHHble Paspesbl, YacTHIe TePepbIBLI MH UpesBbldaHHo 
eMOCTOAHHBIC MOUIHOCTH OTJEIbHBIX cCTpaTurpadwuyeckux no_pasqeieHuit. 
IMeHHO 3JleCb, K CeBepo-BOCTOKY OT HloceKa Balikonyp, HaMH u OblIM OOHapy- 
KCHbI 3AJI@KU WAaCTOBbIX Poc*OpuTOB, IpHypoOueHHble K OyJaHTHHCKOM CBUTe * 
MoKHerO KeMOpHA. 

KemOpulickue oTiowKenua Balikonypckoro patoHa HauMHaloTCcA KpyNHO- 
QJICUHbIM HM BaJIyHHbIM KOHTJIOMepaTOM, COflep2KalllMM MHOFOUMCJIeHHbIe OOJIOM- 
M mporeposolickux mopoy. JloBombHO YacTO BCTpeyaIOTCA FaJIbKM, a MHOra 
| BaJIyHbl TPaHHTOB, CKPelWIeHHbIe 3e/ICHOBAaTO-CepbIM TeCuaHbIM IeMeHTOM. 
BepX MO paspesy KOHIVIOMePaTbI CMCHAIOTCA TakOro xe IBeTa NecuaHukaMu 
- ClaHiaMu. 

Sra Tomma, Mocrurawwad B palionhe rop Kan-tay 250—300 Mm mom- 
ocTu, kopomio conocTaBisetca c yuytaycxol cBuTow JI. HW. Boposuxosa. 
‘ak Cpe KOHTOMepaTOB, TaK MH B NeCYaHO-C/aHIeBbIX OTJOXKEHUAX BCTPe- 
aloTCd WaukH KBapUeBbIX NOpdupos, oOmalawwux cepOUTOBOK CTPyKTYypon, 
CIOH KpaCHbIX AWIMOBHAHEIX Topog. TlocmeqHee o6cTosTembCTBO, a TaKxKe 
OBCeMeCTHOe OTCYTCTBHe AWIMOBOM (KHAKTHHCKOM) cBuTHI (mo JI. YW. Bopo- 


* Hagpanua cpuT paorca mo JI. VW. Boposuxosy ('). 


2 TMAH, Tt. 115, Ne 3 604 


BHKOBY 3aslerarouleli BbILIe ylyTayCkolH CBHTbI) B paspesaX BOCTOYHOrO Kpbiia |} 
BalikoHypCKoro CHHKJIMHOPHA, OU€BUAHO, CBHAETEM_CTBYET O TOM, YTO yslyTay-f 
cKad CBHTa SABJIAeTCA (allMasibHbIM AHAaJOFOM KHAKTMHCKOH, KOTOpaA, Kak) 
YNOMAHYTO BBIWe, Oba BbieeHa B Oolee 3araqHblx pationax. C stot TOUKH |} 
3PeHHA CTAHOBHTCA COBEPINeHHO NOHATHBIM TOT (pakT, 4TO 9TH CBUTbI HUKOral} 
He BCTPeyalOTCA COBMECTHO, a PacCNnpoOcTpaHeHbl B Pa3JIMYHbIX CTPYKTYPHBIA} 
3oHax, Te BCerla 3aHUMaIOT OAHO HM TO x%*e cTpaTurpaduyeckoe MOMOReHHE fh 

OrmoxKeHuA yJIyTayCKOH CBUTbI BBEPX CMCHAIOTCA Pas/IMYHBIMH BYJIKaHO:} 
TeCHHO-KPeMHHCTHIMH O6Pa3sOBaHHAMH, COOTBETCTBYIOWMMH Oy/aHTHHCKOM CBU: 
Te. STH OOpazoBaHusA, MOMHOCTHIO Zo 350—400 mM, HanOosee NOMHO OOHAKEHB| 
B palione cmaHua pp. Balikonyp u Cappicai. Silecb OHH Pe3KO TpaHcr peccHBHC 
TepeKPbIBaIOT HE TOJIbKO MOPOAbl yyTayCKOH CBHTbI, HO H MPpOTepOSOUCKHt 
nopoget 3anagHoro Kpbia Mafitio6unckoro aHTUKJIMHOpHA. OTIO*KeHHA OysaH F 
THHCKOM CBHTbI OOpasyiOT MePHAMOHAJIbHO BbITAHYTYIO MYJIbAY, NOCTeNeHHUE 
pacwiupsioulyioca Ha tor B pation rop. Kapa-agbip. Ee mupnua He npeBbimae yh 
4 KM npuv g~muHe oxono 12 km. B weHnTpawbHOH 4YaCTH MYJIbAbI NpocexKue 
BaeTCA 30Ha OpeKYHPOBaHHBIX, OKBAPIOBAHHbIX HW CHJIbHO OPKEeIESHEHHBIX NOPOMG 
MIpocTHparoulaacA C CeBepo-CeBepo-BOCTOKa Ha 1Oro-ro-3sanay. OTa MyAbAE 
HMeeT ACHMMETPHUHOE CTPOeHHe: BOCTOUHOE KPbIIO OTMYAaeTCH OT 3anaXHOrUE 
KaK YCIOBMAMM 3ameraHHA MOpoy (B BOCTOYHOM YrJIbl NafeHuA Oosee KPyTHl)/P 
TaK HM HeKOTOPbIMH OCOOeCHHOCTAMH JINTOJIOrM4eCKOrO COCTaBa HH 2KHEH YaCTIIE 
6yMaHTHHCKON CBHTHI. Bosee Toro, JOBOMbHO CHJIbHbIe (PalivaJIbHble H3MCHECHH'E 
HaGOwOWaloTcA Jlaxke B Mpelemax TOMbKO OMHOTO BocTOUHOTO Kpbiia. B MecTs 
causuua pp. Bakkonyp u Cpippical paspe3 HMKHeH YaCTH Oy aHTHHCKOH CBUTBIE 
COOTBETCTBYIOWIMH BOCTOUHOMY KPbIIY MYJIb{bI, BhIFIALHT CuleyIOUlMM OOpa30M 

Hy>KHHM 4JICHOM CBHTbI ABJIAIOTCA Cepble, Oesble H YeEPHbIe KBapLeBble NOP 
Q@UpbI C MHOFOUNCCHHBIMH MeJIKHMH BKpalvieHHHKaMH KBaplla H MOJIeBbLE 
wnaToB. JlaBbl CcofepxKaT MaJIOMOLIHbIe MpocsoH TydonecuaHHKOB, KOJIMUECTBIDP 
KOTOPbIX BBepX MO paspe3y yBerMuuBaeTca. MoutHocTb 3TOM naykH aB u TyPoly 
mlecuaHHKOB OKOJIO 50 M. Bpliue KBaplleBble NOPdUpb! OTCYTCTBYIWT, H CMeNYyIOWlaAe 
40-meTpoBaxA Mauka CJIO%KeHa NPCHMYLUECTBEHHO MJIOTHBIMH TydonecuaHHkaMl 
u Tydamv. HyoxKHne cou THX OOPas0BaHH MpeAcTaBJIeHbl TOHKOCJIOHCTHIMHIE 
MCJIKOSEPHHCTHIMH MOpoOdaMH, COCTOAWHMH H3 MeJIKHX OOJIOMKOB KBaplleBbl:ff 
NOp@upow, KBaplla WH NOMeBbIX LIMaTOB, CIEMCHTHPOBAaHHbIX KBapIleBo-cepHe 
IHTOBbIM TYPOreHHBIM BeULECTBOM, C MpHMecbIO renmvloBoro MaTepHasa. Bonu 
3TO TOJICTOCMONCTHIe, CpeHe- H KPYMHOSePHHCTHIe TyPbI C MpOcIOAMH OUeH|E 
TWIOTHBIX CePbIX HJIM YePHbIX KBaPIMTOB, HMEIOWIMX OTYETIHBO BbIpaxKeHHYE 
o6somouHytO cTpykKTypy. B sto TydoreHHok nauKe ObiiM OOHapyxXKeHBI MaJIC 
mouHpie (0,2—0,4 m) nponnactKu cbocopuTos, oveBHAHO c HE6ObIUHM comer 
wanHuem P,O;. PocdaTHblli MaTepHas NPHCyTCTBYeT TakK2%Ke B HEGOOJIbIUOM KOMEO 
YeCTBE B ILEMCHTE MEJIKOZEPHHCTHIX TycboOneCuYaHHKOB H B BHJe OTTCNbHbIX PHES) 
JOBHAHbIX CKONJICHHH B YePHbIX KBaPIUMTAaX. 

B 5 kM cepepHee onucaHHoro pa3pesa (NO MpocTHpaHMio Mopok) HYKHAM 
YaCTb OyJIAHTHHCKOH CBUTbI HMEeT y2Ke CYWIeCTBEHHO Apyroe crpoenne. 3yechi 
NOJIHOCTbIO OTCYTCTBYIOT KBaplleBble NOPPupbl, H MpeBHeliwne COpasoBaHHls 
CBHTbI NpelCTaB/eHb! MOUHOK mMayuKoH (150 M) oueHb MevIKOSePHHCTHIX, CBET IGE: 
SCNCHBIX, O€JIbIX H PO3OBATbIX TyconecuaHHKOB, COMepxKalNX MEMKYIO Fak if 
KBaplla. BHyTpH 9TOH Nauk BCTPeyaloTcA KaK MA@CCHBHBIe, NOTHBIE pasHocTy 
TyponecuaHHKos, TaK HW CHJIbHO PacCJlaHUOBaHHble, OOMalalouiwe TOHKOMMCTUE 
BaTOH OTeIbHOCTbIO. B KBaplleBO-CepHLHTOBOM WemeHTe TydonecuaHHKchl 
B OUCHb HeEOOJIbUOM KOMUECTBE BCTPeualOTCA THE3LOBUAHbIe CKONICHHA cpoccpa’ ty 
HOrO MHHepasia, KOTOPbIH OOMeKaeT HEKOTOPHIe OOJIOMKH KBaplla. . i | 

TydonecuaHuku BBepx nO paspesy nocTeneHHO cMensIOTCA NayKoli Kpen) 
HMCTO-TIMHHCTHIX CaHUeB, COMeP*KallMX PEAKO BCTPeyalOUKeCA COW MeVIKilf 
3€PHUCTHIX TyconecuaHHKoB. MMeHHO B STON Nake OynaHTHHCKOH CBHTEI- I 
le nu bia ad ya OOJIMTOBBIX doccoputos. Han6ouee Bpise}l 

PyAHbIM mact. Ero Bbixogbl ylanocb nmpoca} 
AWTb Ha IIpoTsKeHun 1,5 KM, MPH NOCTOAHHOM MOIUHOCTH 0,5—0,7 m. Hen 
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PeACTBEHHO MO HH2KHHM PY/HBIM IIaCTOM MeCTaMH 3aJleraroT JeneuIKOOOpasHble 
WIOCKHe MecuaHHCTble KOHKpelMH, KOTOpbie OOeKaloTca <bocibaTHOl Ko- 
ouKOH. BropoH wu TpeTui doccopuToBble MacThl MpOCexKUBAIOTCA TOMbKO 
[a Me€pBbIe COTHH METPOB, H 3aTeM BbIKJIHHUBaIOTCA. Byloub Bcero BOCTOUHOrO 
pba MYyJIbAbl doccoputcosepxawlad Nauka MOKPbIBaeTCA KPeMHMCTHIMH 
| KPEMHHCTO-YIJIMCTbIMH JICHTOUHO-CJIOHCTHIMH CJIaHWaMU BepXHeli yacTH OyaH- 
MHCKOM CBHTbI, COMep2xaleH B OCHOBaHHH 30-MeTpoBylo MauKy KpacHbIx, 3e/e- 
IbIX H TCMHbIX (PHJVIMTOBU ABIX CaHieB. MoujHoctTp BepxHeli uacTH CBHTBI JocTH- 
aeT 200 m. 

B npegenax Bcero 3anaqHOoro Kpblla MYJIbAbl HWKHAA YacTb OyMaHTHHCKOLi 
BUTLI CIOXKeHA CEPbIMH, YEPHbIMH, OYEHb IVIOTHbBIMH MEJIKO- HW KPYMHO3ePHHCTHI- 
(dM KBaPUHMTaMH, COCTOAUIMMH H3 OOJIOMOUHbIX 3epeH ceporo KBapula. B stux, 
BapWHTaXx, KaK HM B KBaplWMTaX BOCTOYHOrO Kpblla, BCTpeyaloTCA rHe3sOBHI- 
ble CKONVIEHHA CocaTHbIX MHHepasios. Mectamu B KBaplHTax XOpOUO 3a- 
leTHA CJIOHCTOCTb, OOYCJIOBJICHHAA YepeOBaHHeM MpocsoeB c pasHOn BenHUH- 
oH 3epHa. B BepxXHeH YaCTH KBaPLHTOB BCTPeualOTCH TOPM3OHTHI MVIOTHBIX 
AJIMeEQOHOJIMTOB, HHOra OOaaoulM4X OOJHTOBOK cTpyKTypolt. B o6Hame- 
MAX NpPeKpaCHO BHAHO, KaK NO NpOcTHpaHuio, Ha pacctosHHH 10M, OoNTOBBIE 
AJIMEMOHOJINTbI 3aMeLaloTCA KBapuuTaMH. Ha kBapuuTax 3ameraioT mecTpo- 
BeTHbI€ (HJVJINTOBHAHBIC CJIaHIUbl, BbILUe CMCHAIOULMECA KPCMHHCTbIMH HW KpeM- 
UMCTO-YrJIMCTbIMH CJIaHWaMH BepXHeH uacTH OyJIaHTHHCKOH CBUTbI. 

Takum oOpa3som, MyacToBble (oc*oOpuTbl, pacnpocTpaHeHHble B BOCTOUHOM 
pbile MYJIbAbl, OTCYTCTBYIOT B ee 3allaQHOM KDpblle, re BCTpeyarOTCA JIMILb 
THEIbHbIe rHesfa cocdaToB B COJIOMOUHbIX Moposax. 

Bonbwok HHTepec lpescTaBsAioT coOcTBeHHO cbocdbopuTEl. HwxKHHH pyAHbI 
NacT C/IOMKEH MMOTHBIM ME€JIKO-OOJIMTOBbIM (hocOpHTOM cBeTsO-ceporo UBeTa, 
PHYeM PpasMepb! OTAeJIbHbIX OOMUTOB KOeOOTCA OT 0,3—O0,5 cM B MonepeyHH- 
e. B 3Tom muacte cofepxxaHve P2Os u3smensetca oT 30 Jo 34,95%. Bropok 
TpeTHH py lible ClO MpefcTaBJeHb! OebIMH, CEPbIMH, X%KeJITOBATbIMH, 3eJICHbI- 
HW, WHOra NOYTH YepHbIMH, KPYMHO-OOJIHTOBLIMH ocopuTaMH, CBeTJIbIe pa3- 
OCTH KOTOPbIX OU€Hb NOXOXKH Ha OSesble OoKcuTbI. B OCHOBHOM MeJIKO3ep HHCTOL 
acce 3THX NOpos coslepxatcA Kpynuble OKPyrsible HAM HEMpaBUIbHOM MOYKO- 
MAHOH PopMbl OOMHTbI, 3aMOHEHHbIe OeJIbIM, AHTAPHO-XKEJITbIM WIM 3eJIeHbIM 
OpOllKOOOpasHbIM tocdaTHbIM MHHepasioM. IIpu BbilleMayHBaHHH BHYTpeHHeh 
ACTH OOJMTOB Nopofsa NpvoOpetaeT suencToe clo%*Kenve. KonnyecTBo Takux 
PYNHbIX OOHTOB HepeAKO coctaBuaeT 30—40% nopogbl, IpHyeM UX pasMepbi 
ocTHraioT 3—4 cM B MonmepeyHHke. Cofepxanne POs B pas HUHbIX OOpasiax 
roporo HW TpeTbero pyAUbIX MMacTOB KoNeOseTcA oT 15 Qo 28%. Ilnacrpi doco- 
MTOB MW BMelLalollHX NOpO MepeceyeHb! MHOFOUMCJICHHbIMA KBapUeBbIMH Mpo- 
HJIKAMH, MYCTOTbI KOTOPbIX BbINOJHeHbl BTOPHYHbIMA MUHepasamMu rpynmbl 
moMotbocibaToB. Sfecb BcTpeyaioTca BaBennvT Al(F-OH)¢(PO«)s. 9H2O u 
apcnuntT Al,Os - P»Os - 4H,O, a TakxKe Webi KOMMJIeKC OYeHb peAKHX, 
YY AHOOMpeeIMMBIX ChocdaTHbIX MHHepasiosB. Hapsify c sTHM amtomodocdarhl 
WK OOHapy2KeHbl MB CaMuXx cboccopuTax, re OHH IPHypoOueHbl K MOCKOCTAM 
IaHILeBaTOCTH. 

OrKpbiTHe MmacTOBbIxX (ocopuToB B 1OXKHOM yacTu Yury-Tay u MepBble pe- 
j/MbTaTbI UX H3YYCHHA CBHJETEIbCTBYIOT O TOM, YTO KeMOpHiickan NPOBHHUMA 
OCHHKJIMHaJIbHOrO (poccbaToHaKkonsieHHaA mpoctupasacb or rop Kapa-ray 
wieKO Ha CeBep B 3anafuble palionb! LlextpambHoro Kasaxctana. 9To o6cTos- 
JIbCTBO CHJIbHO PaCIUHpAeT MepCNeKTHBbI NOMCKOB BbICOKOKaYeCTBCHHBIX 
CcOPHTOB B Mopomax KeMOpHA Kak OOHAKCHHEIX, TAK HM Ne€PeKPbITbIX YeXJIOM 
IXJIbIX OTJIOMKeHHH Me3030H HW KaliHo30K. JlerKO BUeTb Take, YTO MacTo- 
le doccopuTh! BatkoHypcKoro MeCTOpOxKeHHA NapareHeTHYeCKH CBASAHbI 
KOMIMVIEKCOM OGJIOMOUHBIX HW MMpPOKMAacTHYeCKHX NOpoL, aluasbHO 3amewla- 
WMXCA MOKPOBaMH KHCJIbIX JlaB. Peskve H3MeCHeCHHA B CTPOeCHHM pa3pe3z0B 
MAHTHHCKOM CBUTbI KaK B Mpefesax Bcero Balikonypckoro CHHKAMHOpHA, 
K H B OXapaKTePpM3OBaHHOM HaJIOXKeHHOM MyJIbfle WaloT OCHOBaHHA [yMaTb, 
O W3yYeHHe MMCHHO 3THX PpaiOHOB NO3BOMUT BbIACHHTb yCOBUA cociaTo- 
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HaKOMJIeHHA WM ero HCTOUHUK. Kak u3BeCTHO, JO NOCeqHeETO BPeMeHH IO STOMY 
Bompocy HeT euHoro MHeHHa. Ham mpefcraBlAeTCA BeCbMa BePOATHBIM MIpedy 
nonoxenve H. C. Mlarcxoro (2) 0 npamofi cBa3u cocpaToHakonsmeHua Kapa} 
TayccKoro THNa C BYKaHMuecKOH JeATeJIbHOCTHIO. . 


Teonormueckui MHCTHTYT Tlocrymua10 
Axajfemuu Hayk CCCP 21 I 1957 


IMTHPOBAHHAS JIUTEPATYPA 


1Jl. YW. Boposuxos, Hwxuuit maneo3oi JxesKasran-YaytaycKoro paliona 3amany 
Holi uactu Llentpambuoro Kasaxctana, M., 1955. #7 H.C. WarcKkud, Jona. Copeul. 1 
ocafouHbim nopogam, B.2, W3n. AH CCCP, 1955. *A.H.Buunuteana, T. Bunuesray 
Ontuyeckaa MuHepanorua, VWI, 1953. 
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Jloknayo Akagemun nayr CCCP 
1957. Tom 115, Ni 3, 


TFEOJOPH A 


B. B. COJWIOPYB 


BOMPOCY O fOro-3ANAMHOMW TPAHHIE PYCCKOM NMJIAT®OPMbI 
(ITpedcmagéaeno axademuxom H. C. Iamckum 10 XII 1956) ~ 


B nocmeqHee BpeMA Ha TeppHTOPHU 1OxXKHOrO HM JOro-3alalHOro OKOHYAHUA 
ycckol mulaTopMb! NPOBeAeH 3HAUMTeMbHLIM OObeEM TeoslorMuecKHX U reodu- 
MYeCKHX HUCCIeqOBaHHH. Bompocamu reosoruyeckoro cTpoeHHA OOacTH CoWIe- 
eHua Pycckol wusaTpopMbl c nepesoBbiMH nporH6amH Ha TeppuTopnu 
KpavucKkolt uw Mongascxol CCP Ha nporaxeHHu MHOrHX JIeT 3aHMMaJICa pag 
feonorop (7 4,°). B  mnocaeque padote M. B. Mypartosa (4) noxpobuo 
MACCMOTPCHHI B3PVIAMbI YKa3aHHbIX HCCeEMOBaTeNeH Ha reomoruyeckoe cTpoeHne 
HTepecyrouleH Hac TeppHTopuu. B HacTosAMel CTaTbe MbI MOMbITaemcaA Ha 6a3e 
FOBLIX TEOMOTMYECKHX H TvaBHbIM oOpa3s0m reodpu3snyeckUX JaHHbIX YTOUHUTB 
‘eKOTOPbIe peAcTaBIeHHA O TpaHHlle 1wro-3anaqHoro cKioHa PyccKor 
hnaTopMet Cc mepexoBbiIMH MpornOamu. 

| 


IF 
ie 


Tak Kak MeCTONOOMKeHHeE HM XapakTep CTPOCHHA 30HbI COWICHEHHA yOMA- 
iyThIX PerHOHOB ONpesesaeTcA B MepBy!O OYepeMb NOBeeHHeM KPUCTamiNYe- 
Koro dyHamMeHTa, OxapakTepH3yeM, B TOM Mepe, B KaKOH 9TO NO3BONAIOT 
DaKTHYECKHe JaHHble, pestbed) NocwesHero. 
Jina nmlocTpoeHus CxeMbl pesbetba KpucTamMueckoro cbyHAamMeuta u omperne- 
MCHHA TOJO%KeCHUA WM XapakTepa CTPOeCHHA 30HbI COWIeHEHHA TIaTCPOpMbI C 
IporMOamMu HaMH MCHOb30BaHb! JaHHble OyYPOBbIX CKBaXKMH HW Pe3yJILTAaTb! reo+ 
DH3H4eCKUX MCCJeLOBaHHH. 
| B patione 3anaqHpix oOmacteli YCCP counenenne msaTdopmbl ¢ mporn6om 
ipeicrapaser coOoH 30HY, MpOTATMBaIOMy1I0ca C CeBepo-3anaa Ha }Oro-BOCTOK 
mepes HaCceJIeHHbIe MYHKTbI: ABopoB, Topogox, PKugaues, Kanym, Boropor- 
MaHbI, OTbIHA HM HECKOJIbKO toro-3anagqHee r. UepHoBubl, H xapakTepu3yeTca 
beskuM OMyCKaHHeM Me30-TlameosocKoro KOMMIeKca nopog Ha 1500—2000 m 

Bue Weloi cepun cOpocos (°). 

lOxnee r. UepHoBibl npocTHpaHve 30HbI COUICHEHHA HeCKOJIbKO H3Me- 
HACTCA Ha 10FO-I0TO-BOCTOUHOe, a 3aTeEM MePHJMOHAIbHOE. STO M3MeHeHHe 
MPOCTHPaHHA MpONCXOAMT, MO-BHAMMOMY, H3-3a KPyMHOrO MepHAMOHAaIbHOrO 
#eKTOHMYECKOO HapylleHHA B KPHCTaJJIM4YeCKOM OCHOBaHHM, OTMe4eHHOrO 
PIEKTPOPasBeOUHLIMH MCCeqOBaHHAMH B palione r. Posuo (B. VW. Kayumn). 
a yuactke I[eneropka — Xmembunukul — Kameneu-Ilogompek kpuctTanau- 
ecKoe OCHOBAaHHe MWwaBHO NorpyxKaeTcA B 3anaqHOM HallpaBJIeHHH OT HYJIA Oo 
6cOIOTHLIX OTMeTOK —400,—500 m. Sarem oTmeyaetca COpoc HesHayHTeJb- 
oH amnmutrynpr (200—300 m), mocie KoToporo mpoucxosuT Oolee pesKoe 
HOrpy2KeHHe KPHCTAa/MYECKHX TOPO B sallaqHOM HaMpaB/eHHH, 3a KOTOPbIM 
plenyer BTOpoH cOpoc c amnuautygzoH SO00—700 M, mpocmexkuBaronliica 
MlapaJiebHO TepBoMy. SaraqHee BTroporo cOpoca B palione r. PoBHo a6co- 
fuorHie OTM€TKH TOBEpXHOCTH KPuCTaM4YeCKUX NOpox MocTurawT 3Have- 
mui —2000, —2500 m. IIpocrupanne yKa3aHHOH 30HbI B palione PospHo— 
Kameneu-Iofonpek sABIAeTCA MePUAMOHAaIbHBIM, H 30Ha 9Ta XapakTepusyer 
ourenenne YKpauuckoro Kpucrammuueckoro wuta c Bossino-Tlogonpexor 
acTbio Pycckow mulaTdopMpl. 
}Oxuee r. Kameneu-Ilogonpexa uzoruncrt —100, —400 mM, xapaxtTepusyr- 
Me KPHCTaJIM4eCKOe OCHOBAHHe, H3MECHAIOT CBOe HaNMpaBJleHHe Ha WMPOTHOEe. 
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Onucannas paHee PopencKasd 30Ha pa3ssioMa Ha yuacTKe MexKIy I. UepxHoBulbi 
ur. BoraulaHbl Kak Obl «yrnupaeTca» B 30HY couleHeHuA PyccKon nlaTPOpMb} 
c IIpeqkapnatcKuM mporn6om, 6marofapaA YeMy NoceqHAA MCHAET CBOE MNPOCTH4 
pauue Ha cyOMepuquoHambHoe. Hamu 30Ha COWICHCHHA Ha 9TOM yHaCTKe HaMey 
yeHa 0 JaHHbIM rpaBAMeTpHYeCKUX MCCefOBaHHH B paioue r. borawaHbl —) 
r. Pomay—r. Bakoy € MOATBepxKaeTCA WaHHbIMM OypeHuA B palioue XBIp § 
asy (Pymprus) (‘), rye Ha rutyOuHe 640 M BcTpeveHbI CHJIypHHCKHe OT/OXKEHHS 
maTsopMeHHOrO THIIa. 

V3 npupegenHoro omucaHua BrowHe ACHO, 4¥TO PoBeHCKanH TCKTOHHUECCKAS) 
30Ha, XapaKTepH3yIOllad Ha CeBepe pacCMaTPHBaeMOH TePPHTOPHK NOBeeHH!) 
MOBEPXHOCTH KpucTammMyueckoro yHaMeHta, B patone botawavbl MU K WP} 
OT Hero XapaKkTepu3yeT TEKTOHHKY He TOJIbKO KPHCTAaJJIMYeCKOrO OCHOBaHHA 
HO MH OCaQOUHBIX OTMOKeHHH. Kpuctasnuyeckul (PyHAaMenT 3fecb NpeTepnes Cut 
Gomee pe3skoe morpyxkeHve, 4eM Ha CeBeEPHOM y4aCTKe, MPHYeM OMYyUeHHbI} 
KPbIVIOM Ha BCeM MIpoTAxKeHHu PoBeHCKOM TEKTOHMYECKOM 3OHbI ABJIACTCA 3anay) 
Hoe. Kpome Toro, pation Botaiianbl xapakTepv3yeTca elle OMHOM OCOOeHHOCTHION 
Ha npogomKennu 30HbI coumeHeHua IIpeqxapnatcKoro nporvéa c nlaTbopMoly 
no wHHuM r. CranucnaB — UepHosubl — DaslewTbl H WaJleKO Ha 1OrO-BOCTOK|T 
10 aHHbIM reodbu3sHyeCKUX HCC/IeEOBaHHH, BO3MOXKHO HaMeTHTb COpoc B KPHi}p 
cTaWIMYeCKHX Noposax, aMMVIMTya KOTOpOrO B 10FO-BOCTOUHOM HallpaBJleHHy 
MNocTeneHHO YMeHbilaeTca. | 

Takum oOpasomM, pation boraliaHbl ABJIAeTCA JOCTATOUHO CJIOXKHBIM y4acih 
KOM, Te nepeceKaloTcA Ba HampaBJICHHA TeKTOHHUCCKHX HapylweHHl — ce} 
Bepo-3anaqHOoro HW MepHAMOHasIbHOrO. XapakTep CTPOeCHHA STHX 30H B PahOHip 
Borawanpl Menserca. Ec Ha ceBepe MepHMOHaIbHad TeEKTOHMYeCKad 30H}E 
XapakTepu3yeT TeKTOHHKY JOKeMOpHiickoro dyHaMeHTa, a 30Ha ceBepcp 
3anaqHoro HalpaBsIeHHA — TCKTOHHKY OCaOUHbIX OTJIOXKeCHHH, TO B 1OXKHO: 
HM 10FO-BOCTOUHOM paHOHaX 30HbI 9TH Kak Obl MCHAIOTCA MeCTAaMH — MepHaA 
OHaIbHad XapaKTepH3yeT OCOOeHHOCTH CTPOeHHA OCafO“HOrO KOMMeKCh 
(IIpenkapnatckuh mpornH6 c PycckoH mnmatdopMok), a 30Ha ro-BOCTOUHOr! 
poctupaHuA — cTpoeHue WOKeMOpuiickoro OCHOBaHHA. 

MepuavonabHoe mpocTHpaHue couwleHeHua ITIpeqkapnatcKoro mnporn6)e 
C TwaTpopMoi, Kak OblwIO yxKe yKa3aHoO, MpocseKuBaeTCA BJONb p. Ceper AP 
Baksy, mocue vero CHOBa H3Me€HAeTCA Ha 1OrO-BOCTOUHOe HM MpocexKuBaeTCH, 
y2xKe Ha TeppuTopun Mongascko CCP, OnHako Hv Ha NpexKHeM MepUAMOHAIbHO fe 
HanpaBueHun (Baksy—®okwiaHbl), NO JaHHbIM PpaBHMeTPHYeCKOH CbEMKH BOLh 
MOXKHO HaMeTHTb TEKTOHHYECKYIO 30HY, KOTOpad pasrpaHuuuBaer IIpenKat} 
naTcKHH nporn6 or IIpeayqo6pyaxuHcKoro, a ele Jamee Ha tor orpaHnunBact 
pacmpocTpanenne oToxwenui Jlo6pyaqxuHcKoro KpaxKa. CreqoBaTembHo, H | 
patone Baksy npoucxoguT nepeceyenne AByYX TEKTOHHYCCKHX Pa3JIOMOB pa3/Mih 
Horo lipocTupaHHa. Kpome MepHANoHasbHoro cOpoca no wuHuH Pomay —®Oy0en 
Tbl, KOTOPbIM ABJIAeTCA MpoomxKeHHeM PoBeHCKOl 30HbI, NapasienbHO ew, 
Ha BOCTOKe HaGwlofaeTcaA elle BTOPoe TeEKTOHMYeCKOe HapyuleHHe HeOoOMbUICle 
aMIVJIHTYAbI, WpoxoAsamee 10 WHHuN Bacnyu—Bepwag. Ilo sce Bepostuoct)} 
10 STHM JBYM MePHMOHAJbHbIM COpocaM MponcxoAuT couneHeHHe topcKolie 
{Ipeqyo6pymxuncKoro nporn6a c IpexkapnatcKum, npwuem 1pceKnii mporr 
B CeBepo-3aNaqHOM HallpaBJICHHH 3HAUHTeIbHO yrslyOmsAeTCA, a OTMOXKEeHESY 
[Ipeqkapnatckoro HeoreHoBoro Mporu6a MepeKpblBaloT ero ocalKu, 1% 

Kak ObWIO y2ke yKasaHo, 1oro-3anaqHoe oKOHYaHHe Pycckoli naatcopMle 
B pavione r. Baxsy MenseT cBoe MpocTupaHne C MepHANOHAbHOLO Ha WPo-BOCTOM 
Hoe H nepecexaer p. IIpyrsB pationec. Buuineska. Syecb Kkpalt Pyccxoit nnathow 
MbI rpanuynt He c IIpeaqKapnaTcKHM HeOreHOBbIM Mporu6om, B Cc Tlpenno6py' n 
*KHHCKUM IOPCKMM NporHOom. Tperuyunpit nporu6, oKalimMass ropHpie Kapnat 
MpOCNe%*KUBAeTCA B IOXKHOM, a 3aTEM 10rO-3aNaHOM HalpaBJIeHHAXx. 

Ha teppuropuu Mongascxol CCP r1oxnaa rpanuua PyccKkoh naaropwmipy, 
HOcTaTOUHO OLHO3HAYHO NpocmexKUBaeTCA TO aHHbIM rpaBUMeTpHueckHux |h, 
CEHCMHNCCKUX HCCeqOBaHHH OT Cc. BuuinesKa Jo c. TatapéyHapl.B patio 
c. Apiluc HaGloqjaeTes CBOeOOpasHblil «3aHB» lopcKoro NporHOa B Teno ~PyccKe 
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|TaTPOPMbI, OGYCOBJICHHLIM pervoHaIbHbIM HapywieHuem ceBepo-BOCTOUHOrO 
jmpocTupaHua uw MpocwexkuBaeMbId Ha TeppHTopHu YKpanucKoro KpUCcTaJWIN- 
(uecKOrO WIWTa. OTOT pervoHuabHbIli pasoM (OB) NposBASeTcA Ha yKa3aH- 
| HOM TeppHTOpHH B BHC MAarHHTHBIX HM rpaBHTaLMOHHBIX anoManui (Dpynsen- 
jckaa uM S[qoBo-TpaxTomMuposcKkasd MarHuTHbIe aHOMaMM HM Jp.). 
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Puc. 1. Cxema 30HbI CoueHeHHaA Ioro-3anaqHOrO OKOHNaHHA PyccKko’ maTiopMbl 

C mepeqoBbiMH mporu6amu: 1 — Pycckaad maatpopma, 2 — IIpeqxapnatcknit 

nmporu6, 3 — IIpeago6pyyxuncKkuii 1opcKu MpornO. 4 — Menopas snaquna, 5 — 

30Ha COWIeHEHHA loro-3anaqnHoro Gopta Pycckoi muaTPopmbl c nepexoBbiIMH Mmpo- 

ru6amu, 6 — TekToHuyeckue HapyweHna (cOpocbl), 7 — Tek TOHHUeCKHe Hapywe- 

HHA (1peBHHe WBbI B KPHCTaMuecKOM OCHOBaHHH), 8 — u30rHlcbl KPHCTasVIH- 
yeckoro (byHJaMeHTa 


Heckoubko BocTouHee c. TaTap6yHapbl MpOMCXOAMT MepemerleHue rpaHHIlbl 
Pycckoli miaTPopMbI B CeBepO-BOCTOUHOM HallpaBJIeHHH BCwlemCTBHe HaJMUuHA 
WeoH CepHu TeKTOHHYeCKHX HapYyleHHH CeBepo-BOCTOUHOrO HU ceBepo-3anay- 
WHOrO HalipaBmeHu. B paiione Benropoya-][nectposckoro, re mnponsouuiso 
| ykasannoe cmMemleHue Gopta Pycckol miaTcopMbI, MOCceqHAA rpaHHyUT, cy lA 
MO pacnosOxKeHHOH B 3TOM paHOHe CKBaxXHHe, C HOBbIM TEKTOHHYCCKHM perno- 
| HOM. Jeno B TOM, 4TO B patione Besnropoga-J,Hecrposckoro ckBaxKHHOH BCTpe- 
teva sHauuTesIbHad Tosa OTJIO%KeHHH MeIOBOrO BOSpacTa nopagzKa 500 mM u 
|MaIOMOWHaad mauKa 1opcKux nopog (100 m). Hapsagy c 2sTHM Bce CKBaxKMHbI, 
PacnowoxKeHHbIe roro-3anagqnee mHHHH BuiwHeska— Tatap6yHapbl, BCKpbIIa 
HOPCKHE OTJIO2XKeCHUA, MOUIHOCTh KOTOpHIx mpeBbliuaeT 2000 m. M3 npnBeqenubtx 
WavHpix OypeHuaA MW XapakTepa moBeyeHHA OKOHYaHHA PyccKo naaTdopMpt 
MOXKHO ClelaTb BbIBOX O TOM, UTO CeBepO-BOCTOYHbIN OopT iopcKOH BNaaHHbl 
HaxowuTca B palione c. Tarap6ynappl, a pation Benropoga-nectposcKkoro 
PacnosioxKeH yxKe B Upefemax HOBOrO TeEKTOHHYeCKOrO 2/IeEMeHTa — MeJIOBOK 
WBualuHpl. CormacHo JaHHbIM CeHCMMYeCKUX HCCIEOBAHHH MOXHO MOslaraTb, 
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YTO yKa3aHHbI MeOBoi porH6 pasBuBaeTCA B IOrO-BOCTOYHOM HalipaBJcHHH, 
Tle MOULHOCTh MeJIOBbIX OTJO2XKeHHM JocTuraeT OOMbIUIMX BeJMUMH (Tapxan- | 
KYTCKHM NoyocTpos). XapakTep CTPOeHHA 3OHbI COWICHEHUA Oopta Pycckoi | 
TllaTPOpMbI C IOPCKMM HM MeJIOBLIM NporHOaMu B pPaHOue C. Buinepka — Jlne-} 
CTPOBCKHH JIMMaH HeECKOJIbKO OTMMUaeTCA OT CTPOeCHHA €€ B PaHOHE SBopos —} 
Cranucnas. Ecau B nocmeqHem paloHe cowleHeHve XapakTepH3yeTCA PAOM } 
TCKTOHHYCCKUX HapylieHH Tua COPOCoOB, TO Ha TeppHTOpHH MoayaBcKou CCP, 
lO aHHbIM celicMM4eCKHX HCCIEMOBaHHH, ABHbIX MH3bIOHKTHBHBIX HapyWeHHu § 
B 30He CoueHeHUA He HaGmonaetca. [Ipeo6mamatouluMu TeKTOHHYeECKUMM Cop-} 
MaMU 3/leCb, BHJMMO, ABJIAIOTCA (puleKCypbl, XapakTepM3yIOWIMecA SHAUMTECJIb- 
HbIMH yrlaMH HaKJOHa [MuacToB. 

Kak yxe yKa3biBasocb, IIpeqyoOpyKuncKn wopcKul mporn6 B ceBepo- 
galakHOM HallpaBJleHHH yrsyOnseTcH Ha 3HaUHTeIbHYy!I0 riyOuHy B palonel 
WByX MepHMOHabHEIX cOpocop Baksy — Pokuiansl u Bacnyu—bepuiaz.} 
To sce BeposTHOocTH, cya mo ZaHHbIM CrpbilickoH OMOPHOM CKBaxKHHBI Hy} 
noctpoenusm B. VW. Cnapuna, oH MpoTaruBaeTcA BUOb Kpad Pycckow nuaat- 
(bopMbI JlaeKo Ha ceBepo-3sanaq. Ec B patione Monqapuu HaOmtoqaeTca mpH-j 
MbIKaHHe lOpcKoro mporv6a HeMmocpeACTBeEHHO K Tey nwaTPopMbI, TO B palione 
ganalublx o6acreh YCCP topcKkuh mporH6 pacnoso*Ken B palone COWIeHeHUs 
BHeLUHeH HM BHyTpeHHell 30H IIpeqkapnaTbaA. OTo OObACHAeTCA OCOOCHHOCTAMH, 
o6pa30BaHHa BHelHeH 30HbI IIpeqKapnaTcKoro npormOa, BOSHHKWeH Ha M0- 
rpyxXeHHoH KpaeBoH uacTH Pycckoh mulaTdopMpl. 1 

Uro Kacaerca pembeda kpuctasliMueckoro dyHaMeHTa Ha TeppHTOpHH 
ioxKHOrO cKMOHa YkKpanHcKoro wuTa (paioH Yurenbl — BosuHeceuck), TO OH 
B OOUIHX YepTax OTOOPaxkaeTCA MOBeACHHEM MPOBECHHEIX HAMM MB30runc. Ha 
C€BEPHOM YUaCTKe NOBEPXHOCTb KPHCTaINYeCKHX NOpOX naBHO Norpy«Kaercs, 
B 1O%KHOM HanpaBueHuu c yruiaMu HaksoHa 0°20’—0°30’. SaTem HaGmroqaeTcn: 
cOpoc WHpoTHOrO MpocTHpaHHsA, ABJIAIONIMHCA MpoouKeHHeM CraHHcsaB-s 
cko-UepHOBULKOH 30HbI, Mocie KOTOPoro MmponcxoAHNT Oomee peskKoe Norpyxe- 
Hue KpucTanMyecKkoro (yHgameutTa. B pahone 30HbI COUeHEHHA TaTPOpMby 
C }OpCKHM porHOom kKpHcTasIMYeCKHH (yHaMeHT ONycKaeTCA Ha HeCKOJbKO 
KHJIOMeETPOB, OOpa3syaA nepesoBou nporno. 

PesioMHpy CKa3aHHoe, CyleyeT OTMETHTb, YTO loro-sanayHbEI Sopt Pycy 
CKOH MuaTPOpMbl, MpOTArHBaiouluiica oT ABopoBa Wo JtHectposcKoro mMMaHa 
HMe€eT OUCHD CJIOXRKHOe CTPOeHHe, BbIParKalouleecaA B TOM, 4TO MulaTdopMa rpaHu- 
4MT C pa3JIMUHbIMH N10 BO3pacTy MpormOamu. Ha ceBepo-3anaqHOM yuacTKe 
TePPHTOPHU MpPOTArMBaeTCA TpeTHYHHIM Mporu6, B palione Monpascxon CCP — 
ropceKni uw BOu3H UepHoro Mops — MesOBol nporn6. CroxHoe cTpoeHne 30H, 
couslenHeHua Pycckol maTopMbl Cc MepeAOBLIMH TIPOrH6aMu OGOYCOBMEHO TAKE 
HaMuNeM Weroro pa WU3bIOHKTHBHbIX HapyWeHHH ceBepo-sanagHoro, MepHy 
AMOHAIbHOrO M CeBEPO-BOCTOUHOPO HanpaBleHnh. YKasaHHble HapyuieHuA Mpo: 
ABMAIOTCA KAaK Ha NwaTWopMe, B YaCTHOCTH Ha YKPaHHCKOM KPHCTasMMYeCKOME 
mute, TaK HW B MpornOax, OKalMJIAIOUIMX oro-3anaqHoe OKOHYaHHe PyccKor 
nuiaTpopmel. Ha yuacrkax nepeceyeHua cOpocoB pasiMuHbIX HanpaBseHHip 
BO3HHKaeT CMEINCHHe H H3Me€HCHHe pacCMaTpHBaeMOlt rpaHHLel. 


MucrutytT reojorwueckux HayK- Tloctynuso 
Akajfemuu Hayk YCCP 18 VI 1956 
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Joxraagn Akagemunu nayr CCCP 
1957. Tom 115, NM 3 


PrEOJIOrH A 


H. M. SYMAKOB 
TEKTOHHKA 1Oro0-3ANAJHOK YACTH BYJIIOMCKOM BIAJMHbI 
(I1pedemaeacxo axademuxom H. C. Ilamcxum 10 I 1957) — 


Bumotickon Boagqunow H. C. Warckxui (1°) naspan KpynHEli mporu6, BbI- 
MOJIHCHHbIM MC3O30HCKMMH OTJIOXKCHHAMM MW PaCNOORKeHHbIN MexKy CKOHAMU 
in HaOapckoro W AsqancKoro mTOR. Ilo3xKe, Kacadcb IpHpOfbl BUAMHbI, OH BbICKa- 
BaJl MbICJIb O TOM, UTO OHA ABJIACTCA NONEPeYHON KpaeBol CTPyKTYPOH, CBAZAHHOH 
BepxoxHCKHM BXOJAIIMM yrvioM (11). B Hacroamlee BpeMA MMeeTCH PAT MaHHbIX, 
OTBEpXKLalollux sTy TOUKY 3peHusA. Bo-nepBbIX, 06 STOM CBUETEJIBCTBYIOT NOJIO- 
PKeHHe mMopdosiornueckne OcoOeHHOCTH BraMHbl. IlocneqHaAA pacnosaranacb 
|monepeK Kpad TwiaTpopMbl Ha npososxKeHHH yrua, OOpasyemoro BepxosHcKokt 
WcKJlaquaToH 30HOH, UMeeT Ha 1ro-3anaye XapaKTep THNMYHOK NaTPOpMeHHOL 
CTPYKTYPbl, a K C€BEPO-BOCTOKY He€3aMeTHO TepexOZUT B KpaeBol mporu6. Bo- 
HBTOPbIX, H 9TO TWlaBHOe, CXOJCTBO Busmolickol BnawquHbl C KpaeBbIMM CTPyK- 
WypaMu MposABAeTCA B XapakTepe pa3sBUuTHA. OTMCUCHHbIN BbILWe MOCTeNeCHHbIL 
fuepexon K KpaeBOMy IIpornOy CKa3biBaeTCA B 3HAYMTEIbHOM YBeJIMYCHHHM MOLI- 
papers Me€3030A BJOJIb OCH BNaquHbI. MouHocTh necKOB HW KOHTJIOMepaTOB HYK- 
jHero jievaca Ha 3amafHOM Kpbluie ee cocTaBuneT oKoIO 90 M ('), a Ha p. Kem- 
inenHaat 200—300 m. CyMMapHast MOIIHOCTb MOPCKHX OTJOXKeHHH cCpewHero 
iM BepXHero Jleliaca Ha 3anaye 60—80 o (1), a Ha p. Kemnengzah oxono 200 mM. 
(CpeHelopCKHe KOHTHHEHTAJIbHbIe OTIOMKeHHA Pp. KemmeHAAH MMeIOT MOLLHOCTb 
400—500 mM, a B r. BusolicKe TObKO BCKpbITad OypeHHeM BeEPXHAA UX YaCTb 
Hocturaet 400 m. B IIpusBepxosxuckom mporn6e BYAHMasA MOUIHOCTb HH KHEeH 
lf cpemueh roppt 1250 m (7). Oco6beHHO 3HaNNTeIbHO YBEMYMBAeTCA MOLI[HOCTb 
yrJIeHOCHOH TOM BepxXHeH lopbl H HM >KHero Mesa. BepxueropcKaa cepua 
Bospactaet oT 300 mM Ha p. Kemnenyznh go 800—900 m Br. Bumolicxe u Cau- 
rapckoM pahioue, a HWxKHeMeOBOe Cc 250—300 m Ha p. Kemnengaan go 900 m 
B BumrolickoH ckBaxkuHe u Jo 2000 mB I pupepxosuckom nporuGe (7). OOmasn 
MOI[HOCTb IOPCKHX HU MeJIOBbIX OTJOXKCHUH B WeEHTPaJIbHOM UaCTH BMaMMHbI OUCHb 
BeuKa. BepxXHAA 4acTb UX, BCKPbiTaA OypeHnem, Br. BusiohcKe cocTaBJAeT 
oKovio 3000 Mm. Ecuim xe yueCTb MOLIHOCTb OTCYTCTBYIONIMX B paspese CKBAXKMHbI 


Huxuux (I!, 173, wacrp I,) w camoro BepxHero (JMHJeHCKasd cBuTa, Cr.) ropH- 
30HTOB 9THX OTJIOXKeHHH, TO OY€BHAHO, YTO HX MOLIHOCTb B WeOM COCTABHT 
He meHee 4000 mM. Baru3kyro MowHocTb (oKoI0 5000 M) uMerloT STH OTIOx%KeHUA 
u B IIpuBepxoxHCKOM KpaeBom mporHoe (’). 

B3sauMooTHOWeHHA Mexy BusiolcKoh BnagquHon u [IpuBepxoxvHCKHM Kpae- 
BbIM TIPOrHOOM He OFpaHHUuHBaJIMCb TeCHOH MPOCTPaHCTBeEHHOH CBA3bIO, OHO- 
Bpe€MCHHOCTbIO Pa3BHTHA HW KPYNHbIM MaciwTaOoM NporvOaHuA, HO BbIparxkaJIMCb 
TakxKe B TOM, 4TO KaK BTOH, Tak HB APYyrOM HaKalWIMBaslacb eMHaA yrvie- 
HOCHad (OpMallHA IOPbl H Mewla. 

TIpupegenupie cbakTbl moKka3biBpaloT, 4uTO BumiolcKyio BiaquHy cueqyer 
CUHTaTb NonepeyHOH KpaeBOl CTPyKTyPoOH, CBA3AHHOM Cc BepxosHCKHM BxOMA- 
uM yrvioM. Bo3HuKHOBeHHe BiajIMHbl, NO-BHXMMOMY, OTHOCHTCA K BepXHemy 
Tlaleogo10, T. €. TOMY IIPOMexKyTKY BPeMeHH, Kora, coracHo JaHHbiM IO. M. 
Ilymaposcxoro (7), o6pasopayica cam Bepxosuckui BxogAMHK yron. O BepxHe- 
MaJleO3OlMCKOM 9Tane €€ pasBHTHA HMECTCA OUCH) MaJlO AaHHbIx. HeqaByo o6na- 
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PYXKeHHLIe B 3alaqHOH YacTH BMaQMHbl KAMCHHOYTOJbHBIC H MePpMO-TPHaCOBblé} 
oToxeHna (°) mpelcTaBeHbl MaJIOMOU[HOH TOJILeH MPeCCHOBOMHBIX OCAKOB 4 

O crpyKtTypax, nmpefqwecTBoBaBuinx BusmroicKOH BiaqHHe, MO%KHO CYMHTE} 
lO CTpoeHHio ee mameosolickoro O6pamseHuA Mu MO reotbusH4eCKHM aHHbIM. | 
Ux avanu3 npuBo_uT K BbIBOLy, YTO BuwolcKad BnafuHa, MO KpanHed Mepey 
B CBOHX KpaeBbIX YACTAX, ABACTCA HaIOXKeHHON. KpbiJIbA €e HaseraioT Ha CKIO-} 
Hbl wuTOB. KOxHoe — mepekppiBaet cesepHbili cKoH AsjancKoro muta. IIc 
MarHHTOMeTPHYeCKHM aHHbIM MOJI€ HHTCHCHBHbIX @HOMAJIHH, XapakTepHOs) 
quia cKmoHa AngaHcKoro muta, MocTeneHHO oclaOeBan, MPOTATHBaeTCH Ha Ce} 
Bep Zo Jlewo—Buvuolickoro Bosopaszeia H HaMeuaeT MOAZEMHOE MPOMOJKEHHKy 
3Toro cKloHa. Ha apyrom Kpbluie BusioficKkol BiaqHHbl MC3030HCKHE OTJIOXKCHHS 
HasleraioT Ha cKsioH AHaOapcKoroO wMTa, KOTOpPbIH, CyMA no OblcTpomy u3Me} 
HeHHIO XapakTepa rpaBMTalMOHHOrO UM MarHUTHOrO NoweH, Norpy2kaerTca Coutet} 
KPpyTo. S| 

LlentpokuHambHoe 3ambiKaHye BustolicKo BnaquHbl MepeKpbIBaeT ceBep | 
Hy1o uacTb Anrapo—Jlencxoro nporu6a u MatomeKkol cksaquaTod 30ubl. Tlatom 
ckad 30Ha mpencraBasnet co6of uacTb BaifikabcKoH ckJaquaToH o6sacTH} 
Bylaioulyroca B Cu6upcekyio nulatd@opmy. B nporepo30e H HHXKHeM KeMOPHH OHI) 
mpefcTaBsasia PeOCHHKHHab, KOTOPaA 3aMKHYJIaCb, OYeBHAHO, He NO3K 
KeMOpUA, T. €. B OalikalbcKui nepvog cKaquatocTu. CxsaquaTble CTpyKTypE} 
cepepHoli uactu Tlatomckoii 30HbI OOpa3yloT rpomafHylO Ayry, OOpauleHHyHh 
BbINYKJOCTbIO B CTOPOHy BusmolicKoi Bnaquubl (puc. 1). Crpofnoctb sto Ayrij 
Hapywaetcd YpHHCKHM aHTHKJHHOpHeM, KOTOPbI B BHAe KpynHoro nonepeys 
HOrO NOMHATHA OCMORKHAeT CKMOH TlaroMcKOl 30HbI. i 

Anrapo —JlencKuit nporu6 MHoruMny aBTopamn ((8,%,4) 4 Ap.) paccmMaTpHBaeTcal 
Kak Ilpu6alikanbcKu KpaeBoH nporvuO. ITO MOXKHO NOATBeEPAHTb Ha MpHMep} 
Xopowio w3y4eHHOH BepesosckoH BnagWHbl. Cneunduyeckoh yepToH BnaHHE} 
ABACTCA PC3KAA ACHMMETPHA, HE TOJbKO NO CbopMe H NO HHTCHCHBHOCTH AHCIIO} 
Kauni (puce. 1), Ho Tak»xxe NO pacmpeseneHHio MOLIHOCTeH NOpo, noHoTe cTpay 
Turpaduyeckoro paspe3a HM XapakTepy ocHoBaHHA. Ha BHYyTpeHHemM Kpble 
BIaQMHbI HWKHHH KeMOpHh MoscTUMaeTCA MpoTeposoiicKHMH OTOx%KeHHAMH! 
a Ha nlaTpOpMeHHOM — HeCOrlacHo JIOWKUTCA Ha apxXeHCKHH KPHCTaMY4eCKHI} 
(byHJaMeHT, BCJIeACTBHe Yero MOJHOCTbIO BbIMaaeT MHOFOKHJIOMeTPOBaA TOME! 
OcaKOB, OXBaTbIBalollad Becb mpoTtepo30H. MouHoctb cTpaturpaduyecku?) 
TOPH3OHTOB HH2KHeErO KeMOPHA,— eC/IH OTOPOCHTb BeEPXHHH TOpH3OHT, YacTHYU! 
HO Pa3MbITbIH, H HHKHHH, C HeEACHOH cTpaTHrpaduen, — yBenwuuBaeTca Hil 
3amaqHOM Kpbluie BepesopckoH BnaQuHbl B 1,5—3,5 pasa. XapaktepHo yep) 
TOM BNaMHbl ABIAeCTCA TaKxXe€ NPHYPOYeHHOCTb K Hel COIeHOCHOH copmauul| 
HuxKHerO KeMOpuaA. KaMeHHas COb, CYMMAaPHaA MOLIHOCTb KOTOPOH nO TaHHBI 
OypeHHA MpeBblUaeT B WeHTpe BnaguHbl 500 M, No HanpaBuleHuio K CKIoHy AngzaH} 
CKOrO ULMTa BbIKJIMHHBaeTCA WH B paloHe c. Pycckaa Peuka cocTtaBaser Bcer 
oxo0 10 m. Heo6xogumo oTMeTHTb, KpOMe Toro, cTpory1o MapasienbHOCT)} 
JMCNOKawMH BaqWHbl CKlaqKaM oKpanHb! IlatomcKol 30HbI. 

PaccmorpeHuble 4epTE! cTpoeHua Bepesopckoi BnaquHbl THMMYHBI Ah 
KpaeBoro mporu6a, YyacTbIO KOTOporo ee H cueqyeT cunTaTb. Mutepecuo, util 
KpaeBoH mporuO oKaiimaset Tlaromekyro ckmaquaTy!Io SOHY He MOJIHOCTHIO 
a BeeT ceOsA CoriacHO 3aKOHOMepHOocTH, mosmMeyeHHon H. C. [atcxum Cai 
Ou pasBuvicd Ha rpanule nociequel c nantamu Cu6upcxoli nuaTpopMbl. E| 
OacceiHe »Ke BepxHero Teyenua p. Uapsi, rae Ilaromckaa 30na conpukacaercs} 
c Angwauckum UJMTOM, KpaeBolt mporu6 mocTeneHHO 3aMbiKaeTCa MH epexogy' 
B KPaeCBOH INOB, BbIPaxKeHHbIN CepHeH pa3/IOMOB. 

Oco6eHHoctb1io TIpu6aiikanpcKoro nporv6a B ceBepHOH YacTH sABAAeTCS| 
TO, HTO OH HeflapaeeH KpalO CKakyaTOH 3O0HbI, C KOTOPOM CBxA3aH, a MMes} 
C€BEPO-BOCTOUHOe MPOCTHPaHHe, OTKJOHACTCA OT Hee MH YXOAUT NOX meso30it) 
CKHe OTO2%KeHNA BustoicKol BnaquHbl. Tak Ke BeLYT CeO OCOXKH ALONE Kpael 
BOH porno cklaqku. Hx npocrupanue nog Mes030licKHM 4exvIOM oTpaxKalor 
KeMUCHAAHCKHe COAHBIE Kynowa. YpuHCKuH aHTHKAMHOpH, pa3zqenmoumi 
Bepesosckyio u Hiolicxo—)KepOuuckyto BiaquHbl, K ceBepo-BocTOKy 6nicTpd 
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norpy2KaeTca: yMeHbilaeTca amnuutTyga (c 10 no 5 KM) 4 MOMHOCTb CulararonlMx 
ero oT02»xKeHHH. MoxkHo NovlaraTb, YTO OJ, MC3O30HCKHMH OTIOxKeHHAMH Buwtoli- 
CKOM BNaUHbl MPOHCXOLMT OKOHYATEJIbHOe 3AMbIKAHHE AHTHKJIMHOPUA, MOCKOWJIb- 
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Puc. 1. TexTtoHuyeckad cxema toro-3amaqHou uacta BusmiolicKolt 
Blau bl 
Cu6upcekaan unamathbopma: /—Anyanckui wut, 2 — 
CKJIOHbI WIHTOB, 3 — BOCTOUHOe KpbI0 TyHrycckol pmaqHHbl, 4 — 
Tyuryccko— Buusotickuili mporu6, 5 — Bumtofickan pnagquna, 6 — 
Tlpu6aiikanbckui kpaesol nporvu6, 7 — npesnonaraemble rpaHHulpl 
norpeOeHHoro Kpaesoro nporn6a. TlaTomcKasa CK aQiua- 
Tas 30HAa: 8— CKJOHbI 30HbI, J— BHYTPCHHAA YaCTb 3OHbI; /O— 
aHTHKAHHaIH, 1/— OpaxuaHTHKIHHaIM MH Kynona, 12 — rpeOueBHd- 
Hble ckaAKH, 1.3 — MysbAbl, 14 — conauble Kynona, 15— M3 bIOHK- 
THBHbIe AMCTOKaWHH, /6 — HHTPy3Hu rpaHHTos, /7 — BocTouHad 
pana pa3sBuTHA Tpannos, 1/8 — opHeHTHpOBOUHbIe W3OrHncbl 10 
nojowpe HwKHErO Naseo30n, 19 — To xe NO nogoUlBe Oph, 20 — 
HeEKOTOPbI€ H30aHOMaJIbI CHIBI TAKecTH B Mar (peqyKuua Byre), 
21 — ycOBHbIe KOHTypbl CTpyKTyp. OCHOBHbBIe CTPYyKTy- 
pb Broporo nopagaka: / —Ypuuckui axkTHKIMHOpHi; 
J] — BogaiiOunckuli cuuKauHopui; //7/—V — Htolicxo-)Kepoun- 
ckaa snaquna (///—Butumo—?Kep6unckaa cuHksaMHamb, /V—Myx- 
TYHCKad aHTHKaMHamb, V — Hiolickant cuHkaMHadb); VJ — Ilene- 
Mylickoe nognatue; V// — Bepesosckaa snaguua; V///—Kemnen- 
altickan anomanua; 1X — Cyutapckanx aHoMajua; X — ceBepo-3a- 
Waqublii ckKoH AsgaHcKoro wuta; X/ —toro-3anafHblli CKJIOH 
Axua6apckoro mTa; 


KY OUCHb OTYCTIIMBAA 30HA MOBbINICHHbIX 3HAYCHHM CHJIbI TAXKECTH, CBAZAHHAA C 
O6HaxKeHHOH ero uacTbio, G6pictpo s3aTyxaeT. Ha mpoyomKenun Bepe- 
3oscKol u Hioiicko—/KepOuncKoli BnaWH, B paOHe PpasBHTHA COJIAHbIX KYMO- 
NOB, HaGsOaeTcA OUCHb KPYMHAA OTPHWaTebHaA AHOMAJIMA CHVJIbI THKECTH 
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(°), ¢ KOTOpoit CoBnafqaeT 30Ha MOHM2KEHHOTO HallpAXKeCHHA MArHUTHOTO NOVUJIA, | 
STM aHOMaJIMM, TO-BUMMOMY, BbI3bIBaIOTCA KPYMNHOM MaseosOHCKOM Baye ji 
Hoi, B KOTOpyio oTKppiBatorca Hiolicko— PKepOunckas u Depesopckad BialMHBl, 
CymecTBopaHue mMaseo3o0fcKoro mporHOa NoATBepKlaeTcA HaJIMYMeM 3€Cb)s 
MOUIHEIX OTMOKeHH cpeyuero mameoson (5). K sanany or sto Kemnensait- |p 
CKO BAMBI, MO MOKPOBOM Me3030HCKUX OTJOXKeHHU, Ha OCHOBAHHH rpaBuo-, 
9JIeCKTPO- M MarHHTOMeTpHUeCKHX aHHbIX HaMeyaeTca KpynHoe CyHTapcKoe}y 
noguatue. Tlockombky B 1OXKHOM YaCTH €FO BbIXOAAT COJICHBIC BOY, UCHTHI- § 
HbI€C HM KHCKEMOPHMCKHM, BO3MOXKHO, YTO B CBOJe NOMHATHA OOHAKal0TCH ji 
HMKHeKeMOpHiickue WIM JaxKe Oolee ApeBHue OTJOKeHHA. . 

PaccmorpeHHbifi MaTepHasl MOKa3bIBaeT, UTO B 10ro-3anaqHOM OOpaMJIeHHH fi 
Busrolickol BmaquHbl CymlecTByeT PA KPYIIHbIX NOMeEPeuHbIX CTPYKTYP, TeECHOKE 
CBASAHHbIX Cc BHewIHeH uacTBIo IlaromcKoH CkKJaluaTOH 30HbI HU ee KpaeBbIMe 
mporn6om (Hioficko—)KepOunckas u Bepesopckasd BiafluHbl, YpHHCKMM aHTH-|P 
KuHOpH). Ilo reopusnyecKHM JaHHbIM, MO Meso30liCKHMH OTIO%KeHHAMH Bu-|6 
JUOHCKOM BHaMHbl HaMeyaetca UX posomKeHue. Ilo cBoemy xapaKTepy, OTHO- 
WWeHHIO K CKJlaquaTo 30He HW pacnouO*KeHMIO ONMCAHHbI KOMMVICKC JUCIOKAalMhiy 
OUCHb HanOMHHaeT MoMepeyHble KpaeBble CHCTeMbI, ycTaHoBseHHbie H. C. Mlat-§ 
cku (2!), Pomb BXOfauero B IaThopMy yrsia urpaeT B JaHHoM curyyae IlaTom-i@ 
cKad CKJlaquaTad 30Ha. B oTmuune OT TeX CHCTeM, KOTOpble yxKe ONMCaHbl, Bip 
Sananuo-Busmolickylo MonepeyHyio cucTemy BOBJIeueHa, B Bue YpuHcKOrO 
aHTHKJIMHOpHA, HW KpaeBad uacTb CKJlaquaTOH 30HbI. B mpeqemax paccmMaTpH- 
Bae€MOH CHCTeMbI XOPOUIO BbIPAXKeHb! TAKHE YEPTHI MOMePeuHbIX CTPYKTYP, KaKP 
3aTyXaHHe CKaOK BAOJIb OCH Tporu6a (puc. 1), yMeHbWIeHHe MOLLHOCTH HW 
YaCTHYHOE BbIKJIMHMBaHHe TeOCHHKJIMHAJIbHbIX POpMallni (B ApeBHUX CBHTAaX); 
pu yaewuHu OT cksaquaTou oOmacTu (°). Hackombko JameKo ycTaHaBJIMBae- 
MaA NomepeuHad CHCTeMa MPOTArHBaeTCA MOM Me€3030HCKHMHM OTJIOXKCHHAMH Hale 
Ce€BEPO-BOCTOK, CYHTb TPYJHO, OMHAKO MOXKHO AYMaTb, 4YTO OHA OFPAHHUHBaeT-i— 
CAH OOsACTbIO PaSBHTHA WHTCHCHBHbIX PPaBHTallMOHHbIX AaHOMAaJIMH. ie 

TloaBoaa uTor CKa3aHHOMY BbILUe, MOXKHO CJeaTb BbIBOL, UTO OOpas0BaHuIod: 
mesosolckoro Busiolickoro monepeynoro kKpaeBoro mporn6a mpeqwecTBoBasa te 
Ooee [peBHAA onepeywHand kKpaeBaaA CHcTeMa, CBA3aHHad c BaliKkasbcKonm 
cKlaquaToH oO6acThio. 


Teonoruyueckul MHCTHTYT Toctynuso0 
Axajemuu HayK CCCP 9 I 1957 
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PHCTOJIOTHA 


T. A. CHHMUbIHA 


Ob IKCIIEPHMEHTAJIBHOM ATEPOCKJIEPO3E Y KYP 
(ITpedcmaeacho akademuxom H. H. Anuuxoeoim 29 III 1957) 


Kak u3BecTHO, WO HeaBHero BpeMeHM MOUTH eAMHCTBEHHBIM OOBEKTOM JIA 
BOCIIPOH3BeeHHA XOJIECTepHHOBOrO aTepocKkseposa Obl KpomuK. Muorouncsen- 
HbIMH HCCJleAOBaHHAMH COBeETCKMX MaTOJIOFOB, BbIMOJMHeEHHBIMM Ha KDpOJIMKe, 
yialoCb YCTaHOBUTb MHOrHe BaxKHble CTOPOHbI MOpo- HM MaToreHesa aToro 3a60- 
JeBaHHA y YeOBekKa. 

Oyuako 3a NocuiequHe 10O—15 ner nosBusica pa padoT No 9KcHepHMeHTaJb- 
HOMY aTepockJleposy, CAeaHHbIX Ha Kypax. Bowbilaad YacTb 9THX paOoT MpH- 
HajiexKHT AMepHKaHCKMM aBTopam: Kau, JlayOep, Cremiep, XopsuK, PoqOapy 
Wp. Bnepsble 9KCHepHMeHTAaJIbHbIM aTepockslepos aOpTh! y Kyp ObluI NomyyueH 
B 1925 r. K. l. Boskosou, a 8B 1927—1937 rr. sanoucKHMu aBTopamu Sramyun 
u Yuusama (°,14). 

Kau (°) cuutaeT, YTO KYpbl ABMAIOTCA Oosee NOAXOAAWMM OObeEKTOM AIA 
W3y4eHHA aATepOcKJeposa, FEM KPOJIHK; ATepOCKMepoTHYecKHe W3MeHEHHA ap- 
TepHH, BbIsbIBAaeMble y KPOJIMKa IPH KOPMJIeEHHH XOJIeCTepHHOM, MO ero MHEHHW, 
He COOTBETCTBYIOT aTepOCKJieposy YesIOBeKa, TaK KaK B MMe Y KpouHKa XoslectTe- 
puu otcytctByer. Ilo mHenuto JlayOep (7,3), u3 Bcex ma6opaTOpHbIX %XUBOTHBIX 
TOJIbKO B ONbITAX Ha KyYpaX MOXKHO NOMYYNTS UCTHHHOe MpescTaBseHve O Cyll- 
HOCTH aTepocKslepo3a YeOBeKa, TAK KaK y Kyp Mopdosioruueckue OcobeHHOCTH 
aTepoOcKsJIepoTHYeCKHX H3MeHeCHHM apTepHH HavOoJlee CXOJ{HbI C COOTBETCTBYIO- 
HMM M3MeHeHHAMH y 4eOBeKa. 

Jipyrum OouJ1buIMM TpeHMyllecTBOM JaHHOl SKCHepHMeHTaJbHOM MoJeuH, No 
MHEHHIO 3THX Ke ABTOPOB, ABJIACTCA TO OOCTOATELCTBO, UTO KYPb!l B BospacTe 
cTapiue 5 Mec. 4acTO «OoJIeIOT) CIOHTAHHBIM aTepOCcKJIepo30M (OpIolIHOH aopThl), 
YTO TakKe cOMKaeT HX C YeOBeKOM. ABAAACb BCeAAHBIMH 2KHBOTHBIMH, 
KYpbI B eCTeCTBeHHbIX YCJIOBHAX BMeCTe C NHWeH MOryT BBOAUTb XoslecTepuH, 
WTO COBepIeHHO He CBOHCTBeHHO KPOJIMKy 4 4TO TOKE BbITOAHO OTMMGAeT KYP 
OT APYrHX X%KHBOTHEIX. 

Ilo muenuto Ilerepcona (°), Jlmngcnel (") u Ap., BcTpevarolveca y Kyp 
CNOHTAHHbile H3MeHEHHA B OprolinoH aopte (PuOposHble yTOMeHHA BHYTpeHHeH 
O6o04KH) CHocoOcTBYIOT pasBHTHIO aTepocKJIepOTHYeCKUX V3MeHEHHH aopTbl 
IPH KOPMJIeHHH XOsecTepHHOM. HemasiopaxKHyl0 pOJlb B pasBHTHM SKCIepuMeH- 
TaJIbHbiIX ATePOCKJIEpOTHYeCKUX H3MeHeEHHM B apTepHAX y Kyp, MO JaHHbIM 
YKa3aHHbIX AaBTOPOB, MOryT HrpaTb TakKe JOBOMbHO YacTO BCTpeyarollMecA 
y HUX JlereHepaTHBHble H3MeHeHHA B cpefHeH oOo04Ke; OTO*KeHve JMNOK- 
OB BO BHYTpeHHeli OOoMoUKe Bcerfa NpOHCXOAUT Ha OYaraMH JlereHepallun 
B cpeflHel OOos04Ke. 

JipyruM o4eHb BbITOAHbIM OTJIMYHEM Kyp OT KpOJIMKa ABIAeTCA, 0 aHHbIM 
Xopsuka (4), BOSMOXKHOCTS NosyyeHHA B TeyeHHe 2—3 Hejleuib BbICOKOM rumep- 
XOJIECTePHHEMHH VM 3HAYHTebHbIX ATeEPOCKJeEpOTHYeCKUX W3MeHeEHHM B aopTe; 
y KpomuKa Ip Tex 2%Ke YCOBMAX OMbITa CTONb OblcTporo pasBUuTMA runepxXoue- 
CTePHHEMMH V aTepocKJepo3a MOyaHTb He yaetca. PomOapy (°) cuuraer, uTO 
HavOoulee pe3Koe pasBUTHe aTepocKslepo3sa aOpTbI y Kyp HaOwuOJlaeTcH B TOM 
clyuae, ecu Kypbl 3 pasa B HeflesIO MONyYaloT TOKO XOJeCTepHH HM BORy, 
a4 pasa — cTaHapTHylo CHHTeTHUeCKyl0 JMeTy C XoslecTepHHOM. 
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Bplpuraemble yKa3aHHbIMH aBTOpaMH IIpeMMyllecTBa USyYeHHA aTepOckKJe- jh 
posa y Kyp, 0 CpaBHeHHWO C KpOJIMKOM, He NOATBep2KAeHbI HMM AOCTATOMHO now- 9 
PpoOHbIMH M TOUHbIMM JaHHbIMH O MopdoreHese STOrO Mpollecca Kak B aopTe, 
Tak HW, OCOOeHHO, B BEHEYHbIX apTepuax cepfula. Kpome Toro, y YacTH aBTOPOB}f 
TOCTaHOBKa OMbITOB C KOPpMJe€HHeM Kyp XOJeCTePHHOM IIPOBOAMNacbh B OYeHb 
HCKYCCTBEHHbIX YyCJIOBHAX (HeMomHOe roslofaHHe). 

Llenbio HacTOAeH padoTbl ABHJIOCb BbIACHeHHe BOMpoca O MpeHMyUlecTBax jf 
SKCNepHMeHTaIbHOH MOJeH BOCIpOH3BefeHHA aTepocKJIepo3sa Ha Kypax NOP 
CpaBHeHHIO C KPOJIHKOM H M3y4eHHe MopdoreHe3a aTepOCKJIepo3a B BeHCUHbIX # 
apTepuax cepa HB aopte y kyp. Hamu G6plno nocraBseHo 3 cepHu ONbITOB Ha 
Kypax H NMeTyxax B Bospacte 65 AHeH, Noposb! Oevblli JerropH, Ha STOH Kee 
nloposle Kyp 3kcnepumentupyrr B CILIA. B I cepuu onpitos 10 kyp B TeveHHe lh 
HeCKOJIbKMX MeCALeB NO y4an erkKeHeBHO 00,5 xosecTepHHa, PpacTBOpeHHOrO |p 
B 5—8 r camuBounoro Macyia. Uepes 10 Mec. KOPMJIEHHA XOJIECTepHHEMHA Y\F 
OTICIbHbIX Kyp MOBbICHacb Ao 200—225 mr% (BMecto 30—50 mr % B HOpMe). Bh 
Makpo- 4 MuKpockomvueckve H3MeHCHHA KaK B aopTe, TaK HW B BCHEYHbIX apTe- 
PHAX cepAua OTCYTCTBOBAJH. 

Bo II cepuu onpitos 16 neryxoB B TeyeHHe 6 Mec. NomydasH TO Ke KCMM4ECT- Bi 
BO XOJI@CTepHHa B CJIMBOUHOM Macuie. 5 NeTyxXoB MocseHHe 2 Mec. KOPMJeHHA 
BMeCTe C XOJIECTEPHHOM MOyyasu MeTHITHOYpallHs To 0,3 r erxkeqHeBHO. Y STHX HI 
XKHBOTHBIX XOJIECTePHHEMUA He NofbiMasacb Ble 30—40 mr %, H3MeHeHHA fi 
B aOpTe H B BEHCUHbIX APTEPHAX OTCYTCTBOBAJIN. f 

B III cepuu onpiros 18 neryxop nowly4aJiW eKeHEBHO pacTBOp XoOsecTepHHa fh 
B MOJCOJHEYHOM MaCJle, B NOCTeMeHHO yBeHUMBaloleMcaA KoONMYecTBe (OT | FOL 
10 mul), NpH4eM KOHUEHTpaulnA pacTBopa XoJlecTepHHa Take NOcTeneHHO yBesH- ih 
yuBawlacb. B KoHUe onbira (4—5 Mec.) KOHUeHTpalluA XOJeCTepHHa COCTAaBJAMAa 
15%. 

B Treyenve MepBbix 3 Mec. OMbITa, Kora NeTyXH HaXOJHIUCb Ha OOBINHOM erKe- 
JHEBHOM NHTAHHH, YBeJIMYeHHA XOJleCTepHHEMHH He TMpOWCXOAHO, HW JIHUIb | 
nlocvle TOrO KaK KMBOTHble CTa/IW NosyyaTb NUULYy 5 AHeH B Heem1O — xouecTe- 
PHHeEMHA NoBbicHlacb Wo 125 mr %. 4-H mw 5-H Mec. onbita neTyxXH Nonyuaan ff 
IMMWLY TOJIbKO Yepes eHb, a XOECTEPHH B MOACOMHEYHOM Mac.ie HW BOY — 
Kaxk][blH JeHb. Y STHX MeTYXOB B KOHLe OMbITa XOJleCTepHHEMHA NOBbICHaCch 
no 600—1700 mr%. 

Maxkpockonnuecku y Bcex 18 netyxos B III cepuu onbiros HaliJjeHbI B aopTe 
aTepocKJIepoTHYecKHe H3MeHEHHA, BbIPAKeHHble B pasJIHYHOH cTeneHH. OTH & 
H3MeHeHHA pH HavOOJIbLUeM pasBHTHH HSMeHeHHH (y 6 MeTyxoB) XapakTepu3o- 
BaJIMCb OOpasOBaHHeM B rpyAHOl aopTe KPYNHbIX, CMBAIOWIMXcA Apyrc ApyromM 
OJIALUCK, HECKOJIbKO BbICTOALMX B HpocBeT cocyfa. IIpu cpeque BbIparxkeHHo- 
CTH aTepockieposa (y 7 NeTyxoB) B aopTe Kak B rpyJHOH, Tak Hu B 6prowHo# 
MMeJIMCb MeJIKHe HEMHOPOUHCJIeHHbIe O/ALIKH, MeCTaMH B BHJle «rpeGellKoB» H 
«IUNOp» ONW3 YyCTbeB OTXOMALIMX OT aopTb! aptepuH. Hakoneul, npu ca6on 
CTeleHH aTepockJeposa (y 5 NeTyXoB) B aopTe OblIM Hal JeHbI JIMUIb eHHHUHBIe, 
O4eHb MeJIKHe 6e3 oNpeseseHHOM JOKaIMsalHN OnswKUu. ATepocKmepoTu4eckHe 
OIAIUKH B aopTe y BCeX MeTYXOB pe3KO OKpallIMBanvCcb CyfaHom III in toto. 

Mukpockonnyeckn aTepockslepoTHyueckHe OAWIKM CocTOAJIM H3 GOonbuoro i 
KOJMUeCTBA JMMOKAOB, MMeIOUIMX BH WIM KPYyNHbIX Kaleb, uM Audy3Hbix |e 
OTO*KeHHH (pune. 1). Cpequ AMMOUAHDIX OTIOXReHHH HAXOMMMOCh pasMM4UHOe KO- 
JIH4eCTBO KPYMHbIX JIMNOMAHbIX MakpodbaroB. CKoMMeHvA JIMNOK“AOB 3aHuMasH Ih 
BHYTPpeHHHe CJIOH CTEHKM AOPTb! MW COepKasH SHAYUTeMbHOe KOJIM4eCTBO JBOR- ie 
KOMPeJIOMIAIOWWAX Kaleb. Boslee Mekve OAWIKH, a Tak>Ke «rpeOeuikuy Hu i 
«lunopby mMpeflcTaBsaiH coOoh Andppy3sHoe NpONUTbIBAaHHe NHNOMaMH cyerKa } 
YTOMUEHHOK BHYTPpeHHeH OG6O0UKH. ) 

AvepockslepoTHuecKHe H3MeHeHHA B BeHeUHBIX apTepHAx cepa Ha6smroga- i 
JMCb MCKJIFOUNTEbHO B OTE bHbIX BHYTPHMbIIMEGHbIX BeETBAX (pvc. 2) H cocToA- 
JM M3 O4arOB OOMJIbHOPO OTMOMKEHNA PeSKO OKPALIeHHLIX CyJaHOM JIMMOMJOB | 
B BHJle MeJIKUX Kaleb H QMPy3HbIX CKOMMeHHH. 

Ilocuie pacTBopeHua AMMOMAOB B MecTax OTJOXKeHHA UX B OAMIKAX aOpThi 
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Puc. 1. Orsoxwkenne AMNOMOB BO BHYTPeHHHX COAX CTeHKH M3 rpyHOlt 
| uacTH aopTbl MeTyxa (exKeHeBHOe BBesJeHHe B TeyeHHe 5 Mec. 15 M1 5% 
pacTBopa xomectepHHa). Oxkpacka cyan III. Ha pucyake — annongbl 

yep HBIe 


Puc. 2. O6unbHOe OTMOMKeHHE MHMOHAOB B ATePOCKMePOTHYeCKON GOAWKE 
BO BHYTPHMbIIUeUHOM BETBH BeHeUHO! apTepHH cepAla (exKeqHeBHOe BBeIe- 
HHe B Teyenue 5 mec. 15 ma 5% pacTBopa xomecTepuHa). Oxpacka 

cynan III]. Ha pucyHke — munonyb uepHble 


NAH, tr, 115, Ne 3, Cunnupnta 


6 NS I TS ET Eee RETEST Ano) 


OHapyKeHO 3HAYHTebHOe PasBUTHE BOJOKHHCTHIX CTPYKTYP B Buje ceTH apru- 
OPWNbHbIX H 3laCTHYeCKHX BONOKOH. B BeHeYHbIX apTePHAX COOTBETCTBEHHO 
TAOKEHHAM JIMNOKVAOB pasBUTHe TeX Ke BOJOKHHCTHIX CTPYKTyp GObiio cabo 
IP aKEHO. 

B mectax pe3koro pa3sBHTHA aTepocKNepoTHYeCKHX H3MeHeEHUH BO BHYTPH- 
oo PeTBAX BeEHEYHbIX APTepHH WMeNOCb 3HAUNTebHOe CyKeHHe UX 
poceeTa, MO NOYTH NONHOrO ero 3aKpbITHH. OnHako HHKaKHX H3MeHEIIMH B 
repHeYHOH MblluWe — AucTpoduyecKkoro wAH py6uoBoro xapakTepa — He 
ia6monaaoce. 

_ Takum o6pasom, B NpoBeZeHHbIX HAMM OMbITaX JKCNEPHMeHTAbHbIM aTepo- 
-KepO3 y NeTYXOB pa3sBHBa/icA MHWb NP YCOBHN HeNO/HOrO FroOAaHHA NpH 
HOBf EMEHHOM BBEJEHHH OYeHb GOMbILHX KOMYeECTB XOsecTepHHa. 

— TIpvw nonmHoueHHOM TMTaHHH, Jake Npu nosaBennu PyHKUHM WMTOBUAHOL 
KeNesbl JeEHCTBHEM MeTHJTHOypalluia, He MPpOMCXOANO HH MOBbILUeEHHA COsep- 
KAHHA XOJecCTepHHa B KPOBH, HH pasBUTHA ATepOCKMeCpOTHYeCKHX H3MeHeHHH. 

BarkHoe 3HaueHHe HeNOHOrO ronosaHuA HapAsy C KOPMJeHHeM XosecTepH- 
10M JIA PASBHTHA SKCNEPHMEeHTAJbHOrO aTepocKJeposa Y KYP CHJIbHO CHM KaeT 
iHTepec JaHHbIX OMbITOB WIA H3yYeHHA NaToreHesa ATepocksJepo3sa Y YeNOBekKa. 
Kpome Toro, 4YacToe HalHuHe, MO JaHHbIM AMEPHKAHCKUX ABTOPOB, CIONTAHHBIX 
IZMeHEHHH B OpIOWHOH aopTe, JOKHO KpaHHe 3aTPYQHSITb MpaBHJibHy1o 
EHKY ATEPOCKJIEPpOTHYeCKHX H3MeHEHHI], BbISbIBAeMbIX IKCNePHMeHTAIbHO 
y STHX XKHBOTHDIX IPH KOPMJeHHH XOsIecTepHHOM. Uto KacaetcaA mopdouiorn- 
ieCKOrO CXOACTBA ATeEPOCKJepOTHYECKHX H3MeHEHHH y KYyp WH Y KPOJMKOB IPH 
<OPMJICHHH XOJIECTEPHHOM C ATeEPOCKJepO30M Y YesOBeKa, TO HAKaKHX MpewMy- 
I€cTB B JA@HHOM OTHOWeHHH SKCNEPHMeHTAJIbHbIN aTepCCcKsepO3 y Kyp He Nped- 
TaBsAeT. HacOopoT, Kak BUAHO 3 AHTepaTypHbIX JAaHHbIX, 9KCNEPHMeHTAb- 
IbIM ATEPOCKepoO3 Y KPOJHKOB NO NOMHOTe Pa3BHTHA BCeX CTPYKTYPHbIX H3Me- 
1eHHH apTepu npefcTaBuneT OONbIWYIO AHAJOrHIO C ATEPOCKNeEPpO3OM YesOBeka, 
ICM COOTEETCTBYIClINe H3MeHeHHA y Kyp. Hakonell; OO/bIWaA BeMMUHHA UCcwJe- 
\YeMbIX OOLEKTOB Y KPONIMKA UH Ooee WIMPOKNHe BOSMOXKHOCTH DKCNepHMeHTHPo- 
3AHHA Ha STHX MWKUBOTHBIX BbIZBHTalOT KPOJIMKa KaK SKCNeEPHMeH Tas bHOe KUBOT- 
ioe JIA H3yYeHHA aTepocKNeposa Ha NepBoe MecTO, NO CpaBHeHHIO C KypaMH. 


MuctutyT SKCNepHMeHTaIbHOM MeTHUMHbI Tloctynuno 
Akayemuv MeguuuHCKUX HayK CCCP 26 III 1957 
On ates  WATHPOBAHHAS JIATEPATYPA 


1K. T. Bom Kosa, Pyxkonncb unt. mo AnuuKosy (Reprint from Arteriosclerosis, N. Y., 
me DD. Diairbp er. L:-Katz, Arch. Pathol.,34)9387 (1942), «DMD amber, Lb, 
<atz, Arch. Pathol., 36, 473 (1943). 4 L.Horlick, Am. Heart. J. 87 689 (1949). 
I. Jagemuchi, Lut. no Kawamura, Neue Beitr. ge zur Morphologie und Physiologie 
i@Cholesterinsteatose, 1927. °® L. Katz, Circul, 5, Ne 1, 101 (1952). *S. Linds- 
ay, Arch. Pathol., 49, 434 (1950). 8 I. Peterson, Arch. Pathol., 49, 699 (1950). 
mS Rodbard et al., Circul, 4, No1,43 (1951). 19 1. Stamler et al., Am. Heart J., 49, 
166 (1949) 44 S. Uchiyma, Virch. Arch., 277, 642 (1930). 
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IKOJOTHA PACTEHHE 


B. M. 3YBAPEB 
K BOMPOCY O B3AHMMOOTHOWEHHH AYBA WH EJIM 


(ITpedcmaeneno axademuxom B. H. Cyxaueeoim 9 II 1957) 


Bompoc 0 B3aMMOOTHOIEeHHH eH H WyOa B MecTaX CONPHKOCHOBeHMA apeaso; 
9THX MOpo uMeer Ooubuty1o HcTOpHto. BowbumMHcTBO OoTaHuKo-reorpadoB 
jlecoBofop ((2 4,9) wu Ap.) © RaBHHX Mop CuHTawT OMHOM H3 OCHOBHbIX NpHUny 
CMeleHHA CeBepHOM rpaHuilbl pacipocTpaneHua AyOa K tory — BbITeCHeHH 
ero esbio. Haodopor, II. C. Norpe6usax (°) cunraet, 4TO eb He BbITeCHAeT LyO 
(°). Pay dakTos, NOATBepKalwollux SsTy TOUKY 3peHHuaA, UpuBosuu VW. Becter 
puxk (}) u B. Il. Tumocpees (?’). /. 

B HacToalleli craTbe MbI OCTAHOBHJIMCb Ha paCCMOTpeHHH YacTH MaTepHasJOEK 
NOJYYeHHBIX HAMM pH W3yyeHHH (akTOPoOB, OlNpeeMAIOMIMX COBPeMeHHY!O CEE 
BepHYylO rpaHHlly pacnpoctpaheuua AyOa vepewyatoro. Jlo cero BpeMeHH B JIEIE 
TepaType MOUTH He MPHBOANMOCb AaHHbIX O BSAMMOOTHOWEHUMAX eH MH AyOa He 
CaMbIX Ce€BepHbIX Mpeflemax ero pacipocTpaHeHHa. 

M3BecTHo, TO Ha CTbIKe apeasloB AyOa H eH NOCeAHAA CpaBHUTeJIbHO Jerky 
celHTca B qyOpase. IIpapya, B. I]. Tumocees (""), uccieqya LyOoBo-esoBble Apel 
BOCTOH B BpAHCKOM JIeCHOM MaCCHBe, YCTaHOBHJI, 4TO yO B CHIbHOH cTene 
COMPOTHBJAeTCA pacceJIeHHIO B yOpaBe eH. OMHAKO OH He BO3parKaeT MpoT 
BOSMOMHOCTH NOCeIEHHA (XOTA Obl H EAHHMUHOLO) eH NOX MosmoroM Ay6a. 

JlelictBuTesbHO, TWIOTHaA NOACTHIKa W3 JIMcTbeB WyOa HM Apyrnx WMpch 
KOJIMCTBEHHBIX J[PeCBECHbIX NOPOA, MPOvSpacTaiwoluluxX COBMeCTHO Cc AYOOM BHYTp: 
ero apeala, B 3Ha4HTeJIbHOM CTeMeHH MpeNATCTByeT pa3sBUTHIO CaMOCeBa eILB 

Kopeuiku ev, He JOCTHriive MHHepaibHoro cyOcTpaTa UpH mpopactraH 
CEMAH Ha CIVIOWIHOM ClOe MOACTHIKH, MOACbhIXaIOT, a He3HAUHTebHOe KOJEO) 
YeCTBO YKOPeHUBWIMXCA CeAHUeB THOHET MOA MOMIHbIM CIOeM OMAaBLUIeH JMCTBEIP 
Oguako, Jlaxke 3Jlecb eb MOXKeT CeMTbCH Ha MMKPONOBbIMeHHAX (cTapbIs 
CrHMBIUHMe CTBOJIbI, HH MT. .), re, MO BCeli BepoOATHOCTH, NocTHIKa MCI 
MaJIOMOUIHa, MOO OTCyTCTByeT Bosce. JH Oouee ceBepHBIX pallOHOB 3TO ABJICHYS 

elle XApakTepHee. OTcyTcTBHe B Cue 

Ta6Onunua 1 MBIX CeBepHBIX yOpaBaxX THNMUHBIE 

Pacnpemenenve cTBOOB emu, nuxTH Hw py6a CUYTHHKOB wy6a Mu, HaOOopoT, HaH4 
0 BOspacTHBIM rpyntaM B AyOuAKe eoBo- B COCTaBe MALTKOJIMCTBEHHbIX Nop 
CHBITCBOM OCHHbI WH Oepesbl NpHBOAUT K Off) 

PasoBaHHiO pbIXNOH, ObicTponepdE 
rHMBalollel MoycTunku. TlocneqHel 


Bospactupie PpyHiibl 


& 

[s} 

fo} ° 

Toponnr 80—90 | 40—50 | 15-20 | & & OOCTOATEbCTBO MO3BONAeT eH 

eT eT JIeT = ° ° € 
S | OobIueH erKOCTbiIo CcenHTBCA EV 
: | | TaKHX TwWowlaqaAx. yD 
Jb + muxTa 6 8 Pe? 36 | 7000 Haw uccnelopaHna : 
TIDOH3Bwuh 
Ily6 QD.) | sees aan PO mer 2 wea * 


jeHuble B .yOpapax Kyurypo—Kpa? 
HOy¥McKoro JecocTenHoro OCTpOEf! 
B 3alaqHoM IIpexypasbe, NoKasanu, YTO HapAyy c 4cTHIMM ZyOpaBamu Tali 
MMeIOTCH yOOBO-eOBble J[peBOCTOH THIa WYOHAK eNOBO-cHbITeBHI (Piceetie: 
Quercetum aegopodiosum). B Takux HacaxeHuax enb nocenunacb cCpaBHiis 
TEJIbHO HeaBHo. 
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B uccuieqoBaHHOM HaMyv Hacaxkenun coctraspa OJ] 38C 2E + IIx maxcumaup- 
BI BO3pacT AWyOa 95—100 Jer, OTMeMbHble 9K3eMIIAPbI BcTpeyaioTcsa B 120 mer 
- Oosee. Tlogcuer roqHuHbIX KOJIelL Ha NHAX NOKasadl, YTO 3ecb pociH AyObl u 
apluero Bospacta. PacnpeeseHve WyOoBbIX CTBOJIOB 110 BOspacTy, WHaMeTpy 
a BbICOTe rpy JH) H BbICOTaM paBHOMepHoe. Y Apyrux Ke Mopos STO paBHoMep- 
OCTH He HaOsOfjaeTca. Estb WW MMXTAa NO BO3- 
acTy NofpasesaIoTcA Ha TpH pesko OOocob- ™ 
eHHble rpybl. MakcuMaJIbHbIM BO3pacT eH 
0 jeT, IpHyeM Takve JlepeBbA B cocTaBe ff 
pepocTos equnnunbl. Muoro Oosbiute 40—50- 
eTHHX JlepeBbeB H ellie Oobiie — 15—20- 
eTHHX. TakHM OOpa3s0M, OCHOBHOHM Jiecoo6- 
a3 ylollleH nopofolisqecb aABaneTca AYO. Enp- ? 
e 3fecb HOO BbilajlaeT, WHO0, HaoOopoT, 
OCTeMeHHO pacilvpseT ciepy cBoero BuMA- 
ux. TaOa. 1 c focrarouHol o4eBHAHOCTHIO 
OKa3bIBaeT TIOCTeNeHHOe YBeNMUeHHe eI B 
ocTaBe paccCMaTpHBaeMoro HacarKeHHs. 

Hapsyy c 9STHM MpH yyeTe KouMYeCTBa 
aMoceBa H llofpocta eH uw fyOa B paccMa- 4 
PHBaeMOM HacaxKJeHHH Mbl OOpaTHJIH BHH- 
ManMe Ha CJleyroulM (akT: Mp 3HayNTeJIb- 
‘OM IipeoOaaHHH caMoceBa jy6a Mos Mowo- 

(OM JIpeBocTOs B NosxpocTe MpeoOsaqaeT Wou- panics 
M HCKJIOUMTEJIbHO ejb (TAO. 2). 

_ K uemy %e MpHBOANT Jaxke HesHaunTenb- Puc. 1. Ppadux xoqa pocta jy6a B 
ioe YBeMYeHHe KOJIMUeCTBa eM B CocTaBe apres Tana aecax:” | — pocr, 
iyOpaBbl? — cpeqHHH mpupoct 

SacelAACb rpylMaMv, YTO CBOMCTBeEHHO eH, OCOO6eHHO B Oosee CYPOBbIX 
NMMAaTHYeCKUX YCJIOBHAX CeBEPHbIX MpefeOB paciipoctpaHeHua jlyOa, eb 
> MepBbIX Ke JleT CBOeH 2KU3HH AKTHBHO V3MeHAeT MOYUBY HU YCKOPAeT ONOMZOH- 


= 


435, = 63 nem 


TaOauna 2 TaOauna 3 
SOOTHOMWeHNe CaMoceBa H Noppocta elu u CpeqHve mpupocThl zyOa u env B AyOHAKE 
fy6a B WYOHSAKe eJIOBO-CHbITeBOM CHbITeBOM H B yOHAKe eJIOBO-CHbITeBOM 
——————— (MO MOJeJIbHEIM JepeBbsaM) 
CamocesB Ilogpoct 
CpeazHHe mMpupocTDl 
Topogzpt a a \ a 
os o% Qs of a 9 jes be 
we) 9 5° 0 Tun seca Ke 3) a =i 
FE Be ake 
ei ee tee ee 
ly6 ed 79 3 10 
rue ee Ag af ge av TlyOuaK cubiTe- | ny6| 0,27 | 0,27 | 2,84 
por L 7, m. cri BHI 0,270,209 | 269 
pe | eS SA A Tly6uax enozo- |} zy6) 0,18 | 0,19 | 0,90 
CHBITeBBIM 0,19 | 0,19 | — 
Beero 98 | 100 | 30 | 100 enb | 0,31 | 0,40 | 3,95 


anne ee. Hapayy c STHM BHYTPH CBOMX py e/lb CO3aeT CBETOBbIe YCJIOBHA, 
COOeHHO HeOMAarONpuATHble JIA camoceBa jy6a (%): Mo MonoroM esoBoro Toj- 
OCTa OCBeILeHHOCTb yMeHbIlaetca 100,7% OT OCBeWLe€HHOCTH OTKPbITOrO MecTa. 
(poe Toro, Mo JaHHbI (8°), 1poMep3aHHe MOYBBI MO eM BbICOTOH B 5 M JlocTH- 
aeT 3HaYHTebIOH YyOWHbI, a MOHHKeHHe TeMMepaTypbl NoUBbI Jo — 10° 
PHBOAUT He TObKO Kes yAU Wy6a, HO Hero KopHH KrvOenn (7,7). 

B To Ke BpeMA, HMeA KOHYCOBHAHY!10 KPOHY, Jb MpenaTcTByeT OOpasoBaHHio 
Of ee NOMOTOM MOMLHOU MOACTHAKH H3 ONaaiolleH JIMCTBbI ApyrHx Mopos,— 
Ha Kak Obl OTBOJUT ee B CTOPOHDI 3a MpeeIbl IPOeKUHH CBOel KPOHbI. ITO o6cTo- 
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ATENbCTBO ONAarOMpHATCTBYeT YKOPeHEHHIO H HOPMaJIbHOMY POcTy CaMOceBa EJIEH 
Kenyan ny6a nostomy efjBa JH CMOryT JaTb 3flecb Hafe%KHOH CaMOCcel}l 
YpeluwnBad H3 roa BO NMOWakb IpOeKUMH KPOH, edb Bce OOJIbIlle yMeHI} 
wlaeT BO3MOXKHOCTbh BO3OOHOBJIEHHA ya. if 
Oquako, 9TO JIMIUb OfHa CTOpOHa ABeHHA. Emb MpenaTcTByeT HE TOMBKO Bip 
300HOBNeHHIO WyOa: yxyAllad yCOBuA cyllecTBOBaHuaA flyOa B UWeOM, OF! 
ocua6AeT X2KUSHECATEMbHOCTb MW B3POCJIbIX ero JepeBbeB. iy 
Haum uccneqopanua xojla pocTa oTfe/bHbIX JepeBbeB Jy6a B pasJIMUHb/p 
Tunax Jleca WOKagasiv, YTO B OMHOPOMHbIX yCMOBMAX Ha JBYX COceqHUX MpoOHb} 
TWioWayqax cpeHHH Mpupoct Aya M0 BEG 
core 3HauHTeIbHO pa3uiHuaetca (puc. | 
Jlocturai B 65-jleTHeM BO3pacTe TOu1p 
18 Mm Bbicorbl 7yYO B yOHAKe CHbITeBCE 
(mofenu 6 u 7) HaMHOro OOroHseT Ay 
pacTylMH B JyOOBO-eOBOM HacaKJeHry 
(mofeb 8), KOTOpbI B STOM Bospaciie 
eypa JocTur 11 m BplcoThl. Hapsayy c 3sTre 
WM MIpuMpocTb! no AMaMetpy HW OObemy fh 
paccMaTpHBaeMOM J[peBocToe 3HadHTeJb 
MeHblule, eM B yOHAKe CHBbITeBC 
(ra62. 3). | 
y 2p pg nem 25 YSIS ron Vintepecen Take H CJleqyiomlMi dak 
eel) B qyOusake CHbITeBOM, Kak NoKa3aslu VW 
cyleOBaHHa, AYO B TeveHHe %KH3HH Jal 
Puce. 2. Tpadux xoxa pocta 6musKkopac- Ba MaKCHMyMa Mpupocta no BbIC Ie 
Tymux ny6a (Ne 8) uv enn (Ne 9): J — 
pocr, JJ —reyKmmii mpupocr Te —B 15—20 ser wx B 3O—40 ner. & 
yOuake eJIOBO-CHbITeBOM yO JocTurale 
MaKCHMaJIbHOrO TIpHpocta No BbICOTe B BOspacte OKOJIO 30 JeT, Nocie vey 
IIpUpoct pesko NMajaeT, H MMIUIb B BO3pacTe D0—5O eT Naflenve ero Npekpatlaell 
CA, HO BMecTO BTOporo MaKCuMymMa, HaOJiloaeMoro B cocefHel AyOpaBe, HacT’s 
MlaeT HeKOTOpasd CTaOMMbHOCTh Npupocta Mo BblcoTe (puc. 2). 
C webio uccleloBaHHA Xofa pocta yOa B AyOHAKe eJIOBO-CHbITeBOM H 3%) 
YeHHA BIIMAHHA eH Ha pocT Ay6a MbI BbIOp aH [Ba OH3KO pacTyWIMX JepeBa Ayth 
MW eH (paccTosHHe Mexay HHMM Opito 1,3 Mm). AHanu3 xofa pocta 3TIe 
JepeBbeB MOKa3aJl, YTO Eb 3Jecb NocemMach, Kora AyOy Opiwio yxKe oKo 
30 meT, a JocTurHyB 36-neTHero Bo3spacTa ejb MorHasia WyO Mo BbICcoTe. 
B 30 mer Wy6 AocTuraeT MakKCHMaJIbHOrO NpHpocta B BbIcoTY (puc. 2). Tous 
B 9TO Ke BPeMA PAAOM C HUM HAaYHHaeT PaCTH ellb, H KO BPeMeHH, Korfla, Kase 
Jocb Obl, WYO JomKeH Obit JaTb BTOPOM MaKCHMYM Iipupocta, Kak 3TO HAG 
WaslOCb B COceJHeM HacaxKJeHHH THMa MyOHAK CHBITeBbIM, BEPOATHO, OH HaUde 
OllylaTb Ha ceOe OTPHIlaTebHOe BIMAHHe eIH,— BO BCAKOM Cilyyae BTOPOT 
MaKCHMyMa He MocJefoBauo. ; 
Takum oOpa3om, ejb He TOJIbKO IpemATCTByeT BO3OOHOBJeHHIO Wy6a, HOP 
OcaOAeT MKHSHEEATEMbHOCTh B3pocsoro jy6a. 


MuctutyT meca Tlocrynusto 
Axajlemun nayK CCCP Oey, 


UWMTHPOBAHHASA JIUTEPATYPA 


*H.Bectenpuk, Tp. mo necuomy onpitn. nery B Poccun, B. 9, CII6 (1908). 2 C.1B 
KopxuHCKH i, Tp. OOm. ectectBoucn. npx Kasanck. yuus., 18, B. 5, 22, B. 6 (1888) 
(1891). &T. ® Mopo3os, Jlecn. xypx., B. 1 (1908). *T. ® Mo po3os, Jlech 
*KypH., B. 7—10 (1913). ° H.C. Morpe6uak, B 3amuty seca, Ne 2 (1938). §& TL if 
Tlorpe6uaxk, B. 9. UmMugra gp., Ocuoss mecuolt tunonorun, 1944. 7? JI. ©. pag 
Aun, B. J. Ounumonosa, JAH, 85, M4 (1952). &§M.H.Caxapos, H. M. Ci 
xX apoB a, Ilousopenenne, Ne 6 (1951). ® B. H.C y kaves, Jlennponorua c ocnopamn ae 
HOH reoboranuku, 1934. 1°11, C. Cynpyn, Jlecu. xo3., M1 (1954). “MB.T. Tum 
ee B, Cos. 6or., Ne 5 (1936). 
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IKOJIOTH A PACTEHHH 


C. A. KPAEBOU 


HOBBIE JAHHBIE O- KOHKYPEHTHbIX B3AMMOOTHOIMEHH AX 
. B PACTHTEJIbHbIX COOBLIECTBAX * 


(ITpedcmaeazeno axademuxom B. H. Cyxauesoim 9 II 1957) 


IIpoOsembl BHYTPHBUAOBHIX H Me2XKBUJOBbIX B3aMMOOTHOWeHHM B pacTuTedb- 
WbIX COOOMECTBAX HMEIOT OrpOMHOe TeopeTHYeCKoe HM MpakTHYecKoe 3HaveHHe, 
coOeHHO B OOsacTH smecoBoscTBa (°"). 
| Hayuno-nccueqoBaTebCKUMH HM OMbITHBIMH yUpexXJeHHAMU Hallel cTpaHbl 
i. 3apyOexKHbIX CTpaH HaKOMJIeH OPpOMHbIH OKCHepHMeHTaJIbHbIH MaTepHad, 
<OTOPbIN c OoMbWOH yOeUTeENbHOCTbIO JOKa3bIBaeT HaMuHe BHYTPHBUOBOK 
i MEXKBUAOBOK OopbObl 3a cyllecTBoBaHve (7 °). 

OyHako HMeeTCA TOUKA 3peHHA, OTpUuMalollad HawWune BHYTPHBUAOBOK 
HopbObl 3a CyllecTBOBaHHe B pacTHTebHOM WapcTBe (°). Takad ToUKa 3peHHA 
(lOOKHa Hev36e%xKHO MIpuBecTH K OTPHUWaHHIO SBOJIONWMM pacTHTeMbHOrO Mupa. 
B CBA3H C STHM MpefcTaBseT OombuWoH MHTepec MoOMyYeHHe HOBbIX JaHHbIX,, 
MOcOOcTBYIOWMX BbIACHeEHHIO BHYTPHBUAOBbIX HM Me@XKBUAOBbIX B3aMMOOTHOLIe- 
WM B pacTHTeJbHbIX CooOmecTBax. B STOM OTHOWEHHH NpedcTaBJAOT HHTepec 
NOWyYeHHble HAMM JaHHble MO KOHKYPeHTHbIM B3aMMOOTHOLWeHHAM AyOa Yepel- 
aToro IIpH rpylnoBom noceBe. 

B 1952 r. na Eprenuuckoli BosBblleHHocTH (B 150 kM Ha ror oT CramMurpaya) 
PHIM 3aslOX%KeHbl 3allWTHble JIecoHacaxKeHHA B YCJIOBHAX TrocyapcTBeHHOli 
RAMTHOH seconomochl Cramunrpaq—Crennoti—Uepxkecck. B Tom yucue Onin 
IpOMsBefeH ToceB JyOa YepewyaToro Hes OBbIMH CcHocoOom (*) Ha nsomlaqH 
DKONO 3 ra MOM 3allluTOH KYyANC BbICOKOCTeOeIbHbIX CesIbCKOX03 AHCTBeHHbIX 
PacTeHul (Kykypy3a, copro). IlouBa No NoceBOM CBeTJOKAalUTaHOBaA COJIOH- 
HleBaTad, NOBeEpXHOCTb POBHaA C HeOOJbIWOH NOTAXKMHOM, HAyWleH B ceBepo- 
sallaqHOM HalpaBseHuv. KnumMaT JaHHoro palona pe3KO KOHTHHeEHTa/bHbIM, 
acyilIuBbih. Toqopad cyMMa oOcaKoB cocTaBdeT OKkOIO 300 MM, ucmapsie- 
MocTb ocTuraeT 1000 mM. Sacyxa yacTo CONpoBoxwMaeTcH CYXOBeAMH, B Te- 
leHve JieTa ObiBaeT Jo 60 cyxXoBeHHbIx He. 

B cBa3H Cc CHJIbHOM 3acyxol NouBa JIA MoceBa roTOBHacb NO ciocoby Yep- 
Horo Mapa, HO c NaHTaxKHOH BcnaliKol Ha rnyOuny 45—55 cm. TlapoBanue mpo- 
lomKaocb c Moa 1950 r. no anpenb 1952 r. B 1951 r. Obiiu BhicesHbI KYHCbI 
JIA CHerosajlepxKaHuA H MpoMsBeleHo Copo3soBaHue Malin Ha 3MMy. K BecHe 
952 r. npoMauMBanue MoyBbI JocTurso r1yOuHbI 5—6 M, B TO BpeMA Kak pH 
MObINHOM arpoTeXHUKe MpOMauHBaHHe MOYBbI AocTurs0 ToAbKO 30—40 cM. 

THesya yOa pasMmeltianuch B payly yepes 3M, MexAypAAMA OcTAaBIANMCh 

Wupvnoli 6 mM. B MexaypAAMAX BbICeBaIHCb KYJIMCHble pacTeHuA — Kykypy3a 
copro c paccTosHveM oT rHe3q Ay6a 0,5, 1,0 u1,5 M; Kpome Toro, Obl ocTaB- 
[eH KOHTPOwIb — 6e3 BbIceBa kysuc. KysucbI BbICeBaiMcb B 1952 uB 1953 rr., 
B 1954 r. B WeHTpe MEXKAypAAMM Obi TocaxKeH BAS MeJIKOJIMCTHBIM. 

Bb YCTAHOBJIeHO, YTO KYJIMCHI, pacnoulor%KeHuble Ha paccrosHHu 0,5 u 1 M 
MT THes | My6a, yrueTatoT yO, OTHUMaA y Hero BONY, KYJIMCHI Ke Ha paccTOAHHH 
OM OT rHe3sq fyOa He OKa3bIBaIM yrHeTaiollero JelicTBUA; HaoOOpoT, B STOM 


* Tlo matepuanam Apuianb-Serbmanckoro cramuonapa Uxctutyta meca AH CCCP. 
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BapHauTe AyO pacteT Jyule, YeM Ha Mapy (KOHTpoub). 3To HW MOHATHO, Tak Ka 
BObI JIA WyOa XBaTaso (cHero3afep2Kanve KYJIMCaMH), KPpOMe TOrO KYJHCE} 
3allullaroT JyOKU OT CyXOBeeB. 
Ha puc. | npescrapnena AuHamMuKa pocta AyOa YepelluaToro B YMOMAHYTO!} 
Hacakienuu c 1952 no 1956 rog. Us puc. 1 BHAHO, YTO KpuBad pocta 1,5-MeI 
poBoro BapHaHTa HeT BbIle ApPyrH} 

om BapHaHTOB, B TOM YHCJIe H KOHTpOJA 
250 a MaKCHMasIbHas BbICoTa Aya JocTurae 
2,5 M. CileyeT OTMeTHTb, UTO JaHHBl | 
arpOKOMIsIeKC CHOCOOCTBOBAaJI TOMY, YT 
lO, JyOoBO-BAZOBbIM HacaxKJenHeM | 
1955 r. 3HauMTeJIbHO MOAHAMCb Ppyt 
TOBble BObI (7—8 M OT MOBepXHOCT 
TOUBbI) H KOpHH Ay6a yxe Jocrurs| 
KallWJJIApHOW Kalimbl (pic. 3). 
Hac uuTepecoBaJI BoNpoc, Kak Ul 
pocT H pa3gBuTHe AyOKOB B rHes jax Mar 
Horo J{yOOBO-BA30BOr0 HacaxKJleHHs 
MOCKOJIbKy B HHX CO3aoTca WA pach 
HbIX J{y6OKOB pa3Hble YyCJIOBHA pocTé 
BusyaibHad OWeHKa pocTa JyOKOB.. 
Ile€HTpaJIbHOH JTyHKe THe3jla HU B Hepudy 
PHHMHBIX JyHKaX NoKasala, YTO C BOY 


L i 
pacToM JlyOKH WeHTpasbHOH JyYHKN THe 


200 


150 


100 


0 


0 
1952 1953 1954 1955 1956 fla HauvMHaIOT YrHeTaTbcA nyOKamMu Th 
lodo1 pudepnHinpx syHoK. Takoe yrHeTeHt 


Puc. 1. JluHamuKa pocta rnesyosoro moce- AyOKOB WeHTpabHOH JYHKM ObINO 3: 
Ba MO 3allHTOH KYJIHC BbICOKOCTeOebHbIX MeyeHO yee Ha TpeTbeM TORY MKHSEFh 
CeIbCKOXO3AHCTBCHHBIX pacTeHHit. Boicota yacaxkJeHHA, B mlocylieWy trouve TObl O 


AyOKoB: @ — MaKCHMaJIbHat, O— MPH WHPH- poe GopILe yCusIMBaerca 
He M@XKKYIHCHEIX KOPHZOpos 0,5 M, 6 — pH B rensxoORerenmerce:n paseo aaa 
WupuHe KopHyzopos 1,0 m, 2 — npH wupnHe poBep 


Kopugopos 1,5 M, K — KOHTpoub TO HaOJIOJeHHA MbI pelliMIH MpousBect 

TudpepeHunvasIbHbIM yueT c TeM, 4TOG 

yCTaHOBHTb MATeMATHYeCKYIO JOCTOBEPHOCTh yrHeTeHHA WeHTPaJIbHbIX JYHOK 
rHe3ax JyOKoB. 

Ta6Oauna 4 


OcHOBHbIe MoOKasaTeH pocta AyOa yepeulyaToroO B THesMOBbIX TMoceBax (noceB 
MIpousBeseH BecHol 1952 r., yaeT — ocenb1o 1956 r.) 


HaumenoBanuHe noKasaTenel | n | Lim M+m "dif 

Bpicota 2y6KOB 

B KpaHHHXx JIYHKaX, CM 100 | 44—250 | 126,50+4, 25 6.0 

B WCHTpaJIbHbIX JIyHKaXx, CM 95 | 12—210 | 94,40+3,14 00 
Unco muctbep Ha 1 jepeBe 

B KpaHHHxX JlyHKax, UIT. 00 | 20—101 | 50,40-+2,12 6.58 

B WeHTPasIbHbIX JIYHKaX, IT. 62 | 15—48 33,02+1 ,64 b 
Tjiwua ucrbeB Ha Wy6Kax 

KpaHHHX JIYHOK, CM 62 8—19 13, 80-40 , 84 3.08 

IeHTPabHbIX JIYHOK, CM 60 6—14 10,34-+40,75 ? 
Bec cyxux HCcTbeB Ha 1 pyOKe 

B KpawHux YHKaX, © L025 —S 4 49 ,60-++2 ,04 

B WCHTpaJIbHbIX JIyHKax, © 40 | 148—45 29 ,87-+-1 , 46 7,89 


Jia yueTa ObWIM B3ATHI CuleLyIoulWe NOKasaTesM: BbICOTa pacTeHuli, uc, 
JIMCTbeB Ha JepeBe, AJIMHa JMCTbeB, BeC CYXHX JIMCTbeB Ha OHO Jepeso. Yul 
OblI NpOMsBeAeH B WeHTPaMbHbIX HM MepuepuiiHbIX yHKaX rHesq Ay6a oceHt 
1956 r. Cnefyer oTMeTuTb, YTO Obls NOY YEH OOO MaTepuas, KOTOPbIH o6pt 
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MOCTOBEPHOCTH pasiMuHk no dopmyue 


NATHIBAJICH MeTOAaMU COBpeMeHHOH BapHallMoHHou CTATHCTUKH C BHIVHCJIEHHeEM 


M,— M, 


Maif = 


aX; pasHula M0 BbIcoTe JyOKOB BIOW- 


le JOcTOBepHan (Mm if = 6). 

AlyOxu WeHTpasbHol JtyHKH No unc- 
Ty JIMCTbeB Take pe3KO OTJIMUAIOTCA 
bT AYOKOB MepudepHhubix JTyHOK, Ha 
hyOxax WeHTPaJIbHbIX JIYHOK 3HauuTeNb- 
MO MeHbIle JIMCTbeB, YeM Ha Tepude- 
p Hi HIX; pasHulla — Bone JocToBep- 
bast (maiz — 6,58). 

Ilo quuHe mucTbeB LYOKH WeHTpab- 
OM JIYHKH TakxKe OTMMIaOTCA OT LyO- 
KOB NepHdepHUHbIX JIyHOK: Ha [yOKax 
KCHTPaJIbHbIX JIYHOK JIMCTbA 3HauH- 
@IbHO KOpoue, YeM Ha yOKax nepn-" 
MEPHHHBIX JIYHOK; pa3sHHilla — BrouHe 
OCTOBepHadA (Mai = 3,08). 

Bec cyXHX JIMCTbeB JyOKOB WeHT- 
aJIbHbIX JIYHOK TakxKe 3Ha4HTeJIbHO 


rh 
j 


RTOBepHasd (Mais = 7,89). 


CM 
4 250 
200 
eae 
00 Vy; Gd 
NoGepxnociib 
0 r04Gbl 
Sa 
100 
200 
[pata | 
500 nocmosnHHou 
/ GrarkHocmu 
d50 1046 b 


Puc. 3. CxemaTuyeckuii BU pasmMenleHua LyOKoB 
THesjle u KopHeli B MouBe: Au B — xpalinne 
| ayuku, 5b — cpequsa smyHka 


V mi + m 


Hlonyyenuble pes ybTaTbI NpecTaBseHbl B Ta6w. 1. M3 Hee BugHO, YTO BbICoTa 
MYOKOB B WeHTpaJIbHBIX JIYHKAX 3HAUMTeEbHO HWXKe, YeM B Nepudepulinpix wyu- 


C/t 


iL, Me Maoh esol 


—— ——— 


Malt HoH 


Puc. 2. IuHamuxa Tekyllero mpupocta B 
KpaHHUux JIYHKaXx (a), B WeHTpaJIbHbIX JIYH- 
Kax (6) 


MeHbIUC, YeM Bec JHCTbeB AYOKOB NepuiepHHHbIX JYHOK; pasHulla BHoHe JO- 


| Ha puc. 2 lpefcTaBien rpaduk AuHaMMKUH Tekyllero Mpupocta B 1956 r. 
NYOKOB LleHTpaJIbHbIX HW NepudepHMHbIX JYHOK NATHJYHOUHBIX rues. M3 pucyH- 


Ka ACHO BHJHO, YTO LYOKM WeHTpadb- 
HbIX JIYHOK 3HAUYMTeENbHO OTCTAIOT B 
pocte oT YOKOB NepudepHHHEIx sy- 
HOK. OObACHAeTCA STO pa3.1HUHbIM 
HallpA2KeHHeM %H3SHEHHbIX (PaKTOPOB 
B UeHTpe H Ha Nepudepuu rHe3ja. Ito 
pa3sMave co3falocb CaMoH Ouorpyn- 
oH B CHJIY 3arylleHHOrO pa3Melie- 
HHA pacTeHul B rHesfe. 

Ha puc. 3 mpesctaBsieHo cxeMa- 
THYeCKOe pasMelleHHe AYOKOB B rHe3- 
qe — A yoOctBa paccmorpenusa 
IIpeACTaBJIeHO TOJbKO TPH JIYHKH. 
M3 pucyHKa BHAHO, YTO WeHTpasbuan 
JyHKa 3aKaTa Mexky nNepudepui- 
HbIMH JiyHKamu. PacTteHusl WeHTpaJib- 
HOH JIYHKH HaxoATcd B XyWHX 


YCJIOBHAX CBeETOBOTO JOBOJIbCTBHA, 


TaK KaK OHH 3aTCHAIOTCH pacTenHun- 


MH TepudbepuMtHbIX JyHOK. KopuHesble 
»Ke CHCTeMbI pacTeHHH WeHTpavb- 


HOH JIYHKH OYKBaIbHO 3aXKarTbl 


Mey KOPHEBbIMH CHCTeMaMH JyOKOB MepHepHHHbIX JyHOK; OHM MpOHH3aHbl 
kop namu pacTeHHi MepHepHHubIX JIYHOK, KOTOpble OTHHMAIOT y HUX Bojy, 
iccymas noupy. KopHepas cucTema yOKOB WeHTpasbHOM JyHKM MpocTupaert- 
A BriyOb He Tak JlaulekO, KaK KOpHH yOKoB NepHepHiHbIX JIYHOK: KOpHH 
epudbepHiiHbIxX MyHOK JOCTHTIM rpaHlbl NOCTOAHHO BaKHOH MOUBbI (KanM- 
WipHad KaliMa), KOPHH Ke JyOKOB WeHTpaJIbHOH JIYHKM He AOCTHTIM 3TOrO CJION, 
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Cue OBaTeIbHO AYOKH WeHTpasbHOM JIYHKH BO BTOpyo MOJIOBUHY JleTa HepeAKi) 
ocTaloTca 6e3 AOCTATOUHOrO KOHYeCTBA BOJbI HW CTPafaoT OT NOUBEHHOH 3acyXu 
K TakuM TlocJleACTBHAM B OTHOIWeHMH pasBHTHA HM pasMellleHHA KOp HeBBIX CHCTE!| 
IIpHBesIO pasMelleHHe AyOKOB B rHesJe. ; | 

Heo6xoqumo oOpaTuTb BHMMaHHe Ha TO, TO B NepHepHHHbIX JyHKaX PHes, 
iyOxu B 1956 r. ye HayanW MMOJOHOCHTh, B TO BpeMA Kak AYOKH WeHTpaJIbHbI } 
JIYHOK elle He MIOMOHOCAT. OTO WH NOHATHO, TaK KaK paCTeHHA MWeHTpaJIbHBI | 
JYHOK HaXOJATCA B YFHETeHHOM COCTOAHHH HM, MO-BUAMMOMYy, JoKHbI OyAy 
B CJIOMKUBIIAXCA YCJIOBHAX OTMepeTb. 

Kak BHJHO M3 IIpHBe/eHHbIX JaHHbIX, CIOMKMBINMECH KOHKYPeHTHble B3aHMC) 
OTHOWeHHA JYOKOB B rHesfax ABJIAIOTCA B aHHOM HacaxKeHHH OObEKTHBHBIS 
baxtom. [Ipu Takom cnoco6e MoceBa AyOa MbI CTaIKHBaeMCA C yrHeTeHHeM OHH] 
pacTeHHi APyrHMu, WI, ApyrHMH CAOBaMH, C BHYTPHBUAOBOH OopbOolt 3a CYL 
CTBOBaHHe B IWHpOKOM JlapBHHOBCKOM NOHMMaHHH STOrO TepMuHa ('). 

Koueuno, culeyeT OTMeTHTb, ITO NepHdepHiuble AyOKH Co3awT B TO || 
BPeMA 3aMTY JIA WeHTpaMbHbIX JyOKOB OT CyXOBeeB H pasHbIxX NoBperxkeHnul 

.Ho ecam conocTaBuTb MouIb3y MU Bpel, NpHHOcUMble WyOKaMH NepHpepHHHbt 
JIYHOK [It WYOKOB WeHTPaNbHbIX JIYHOK, TO Bpe 3HadHTe/bHO MpeBbICHT NOJIb 
HM AYOKW WeHTpaIbHbIX JTYHOK OCTAaIOTCA CHJIbHO yrHeTeHHbIMH. 

CrefyeT OTMeTHTb, YTO 3TO ABJIGHHe MOXKHO YCTPaHHTb, IpHMeHMB Apyra 
cmoco6 mMoceBa, HalpHMep CTPOUHbI H CTPOUHO-JYHOUHBIN. IroT cnoco6 Moceki 
IpefcTaBsneT H Oobilive MpOW3BOACTBeHHbIe BbITOAbl, TAK Kak CTPOUHbIe jk 
CTPOUHO-JTYHOUHbIe MOCeBbI JyUWle MOMawTCA MeXaHW3HpOBaHHOMy yXOAVy 
B TO BpeMA Kak FHe3OBble MOCeBbI He MOMMalwwoTcsA MeXaHW3MpOBaHHOMy yxojy fi 
TpeOy1oT MHOro py4Horo Tpysa. 

Ha ocHoBaHHi OTPpHUaHuA BHYTPHBUAOBOH SOopbObl y pacTeHul B CBOe BpeMie 
Obl MpeoKeH CcrocoO rHesAOBbIX NOCeBOB AyOa NOX 3allUTOH CNMOUWIHBIX NOCEp 
BOB 3€pHOBbIX KysIbTyp (°). Kak u3BecTHO, MpakTHKa OTBeprwia Tako clocep 
MoceBa JlyOa, TaK KaK OH He asl MOMOXKUTeMbHBIX PeSYJIbTATOB (°). 

BmecTo OTpHWaHuA BHYTPHBHAOBOH OopbObl 3a cyllecTBOBaHve HeoOXoJMMiL 
HU3yUaTb ee MPOABJeHHEe B Pa3JIMYHbIX PACTHTEbHbIX COOOIIeCTBaX C TEM, YTOGIE 
YCTAHOBHTb 3aKOHOMePHOCTH STON OOpbLObl H HCMOMb30BaTb UX B NpakTHYeCKO!H 
eaATeIbHOCTH. SHaHHe 3aKOHOMepHOCTeli BHYTPHBUOBbIX WH M@%KBUOBbIX B3aLbe 
MOOTHOWeHHH pasJIMYHbIX J[peBeCHbIX MOpok acT BOSMOXKHOCTh NosoOpath 
Take NOpOAbl H UX COVeTAHHA, KOTOPble JalyT MAKCHMYM J[peBecHHb! Ha reKkTapy 
WIM MAaKCHMaJIbHbIM saPeKT B 3a[MTHOM H MOe3allHTHOM JIecopasBeeHHrH 

IIpuBegzenuble B CTaTbe JaHHble NOKASbIBaIOT, UTO B PHe3OBbIX MoceBax AyCH 
uleT 2KecTOKad BHYTPUBUAOBaA OopbOa, B pesybTaTe KOTOPOM pacTeHHA WeH'y 
PaJIbHbIX JIYHOK YrHeTalorcaA HW OTCTAIOT B pocTe HM pasBUTHH. 


WUuctutyT seca Tloctynusto 
Axanemuu HayK CCCP 8 Tl 29578 
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Jlokxnaaynn Akagemun nayx CCCP 
1957. Tom 115, Ne 3 


@®H3HOJIOTHA PACTEHHH 
i. Fr. TABA3E 


}BJIMAHHE CBETA PA3JIAYHOH HHTEHCHBHOCTH HA COJIEP)KAHHE 
TIMTMEHTOB’B JIMCTbAX BHHOFPAAHON JIO3bI 


(ITpedcmaeazexno axademukom A. JI. Kypcanosoim 29 IV 1957) 


Jina OOocHOBaHHA OTJeMbHbIX 9JIEMeHTOB arpoOTeXHUKH BUHOrpasa HeOOXxo- 
\/1MMO M3YYHTb peaKUMH pacTeHuA Ha *akTOPb! BHELWHEH Cpefbl, B YaCTHOCTH Ha 
}pasIMUHYyt0 CHJIy OcBelweHHOcTH. Hactonllan paOota uMedsia Wesbio onpeyemeHve 
bTelleHH pearMpOBaHHA Pa3JIMUHbIX COPTOB BHHOrpasla Ha CHJy OCBeLeHHOCTH. 
[11a BbIACHeEHHA 3TOFO BOMpoca MbI NpOBeH W3y4eHHe COep2%kaHuA MMrMeHTOB 
B JMCTbAX BUHOrpaHON s03bl. OcoO6oe BHUMAHHe yeAOCb ONpefeseHHIO XJIO- 
podusia, KaK MMrMeHTa, HanOoJlee YYTKO pearupyloulero Ha CHJY OCBeleHHOCTH 
M TEM CaMbIM XapaKTepH3yrolllero CTeleHb TeHEBbIHOCJIMBOCTH pacTeHHa (°). 


AMO gmni ey 4 


MBAMAHHe cBeTa Ha CoJjepxKanHe MMrMcHTOB* (B Mr % Ha a6c. Cyxoe BelllecTBO) B JHCTbAX 
BHHOrpagHblxX J103 


OcBelleHHOCTb B % OT NOMHOK 


50 30 15 
Copt s103bI ia SS 
ws Kap KC. XJ. Kap. KC. XJ. | Kap. KC XJI Kap.| KC 
4 Anurote 277| 62,0 | 8,2] 359| 35,4 | 9,5] 387] 40,0 | 7,3] 388|46,6|10,4 
LlonuKkoypu 365] 58.4 |12'8| 439] 41.4 [12/8] 245] 40,7 |10.8] 552/45.8] 9,9 
Pun. x Pym. 3309 288] 16,0 | 2,1} 439) 10,4 | 3,4) 386) 8,7 | 2,3) 463/16,8] 2,2 
(| Canepasu 518] 79,0 |27,3| —j| 62,3 |16,9} 390} 69,0 /19,5) 411/41 ,8114,9 
HPkauntean 349| 74:0 |15'8| 481] 88.4 |29/5| 549] 76,6 [27.4] 592/41,8136,8 
[Mano dbpan 407| 85.3 27.0] 348/105,6 |33.8} 435| 97,7 |40,0| 543/89, 1|51,3 
Kpaxyua 447|\100.0 |54'8| 480|106,7 |20.9| 554/119,6 [45.9] 552/99, 9/392 
HKasepue 400} 56:6 |31,4| 339} 59,9 31.5] 367| 50,4 [36,8] 414|26.1127,3 
Tan wxypu 266| 60,2 |17.2| 393] 74°8 [39,5] 330] 58,3 [38.9] —|37/4/44,4 
H dunypua 295| 56.3 [37.5] 315] 59.9 |48.0| 423] 59,5 144.0] 433|50,0/35,2 
\Musane (kaxypu) 334| 75,5 |43.7| —| 48.3 |43,7| —| 46,6 |46.4| 672148, 5|47,5 
iBynewypu (xpacuptit) 264] 68/2 |23'4] 277| 63.3 |26,3] 372] 86,8 46,4 —|65,6/39,4 
Kauuuu 329| 77,9 |24,3] 448] 66,3 j28,7; —| —. | — | 470/57, 4/28,6 
4 UuuKa 906} — 22) #33) == == || Qo == = WOVE, ef) 
AnexcaH poy. 4159] — | — 4625) — | — |4608) — | — /1744) — | — 
 Xuxeu 60) een a 5, een Oe a ea 
| Topysra WOT ah AGRI neal ok Shae ee 
} OmKxanenmua GI ETAT fs Se BIAS) ee al GI oe of ce 


| 
* Xi. — xsopoduan, Kap. — KapoTHH, Kc, — KcaHTO@ua. 


OnbpiTHble pacTeHua (KaK B MONOMBIX, TAK HM B MONHOMJOAOHOCAMIMX Hacax- 
| Jenuax) B TeYeHHe BereTalHH CTABHJIMCb B YCOBHA pasJIM4YHOW OCBeLeHHOCTH: 
| Ha rlomHoe ocpemenue (100%, Ha OTKpbITbIX MecTax ) HM YacTHYHOe (50; 30; 
| 15%). SareneHve NpoHsBOsMOCb Mapsie MU peryMpoBasloch H3MeHeHHeM YHCwIa 
ee cmoes. MuTeHcwBHOCTb CBeTa OMpejlealacb OObeCKTHBHBIM JIKOKCOMeTpOM 
| Tuna OJI-3. 
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[lo ombirom Obi TakKxKe paCTeHHA HEKOTOPHIX NOJIHOMOMOHOCAMMUX COPTOK 
BUHOrpaa, Y KOTOPbIX */, JHCTbeB, HaYHHAaA C 25 VII, Obl 3aTeHeHbI JIMCTbS 
MH ToOeroB cocequux pacrenult. [Ip sTOM Hapsily C yMeHbIIeHHeM OCBEIeHHO|s 
CTH 3aTeCHeHHBIX sMcTbeB lo 10—15% oT OCBeleHHOCTH Ha OTKPBITbIX MecTa4 
MOP H3MeCHUTbCA HM CIeKTpaJIbHbIli COCTaB CBeTAa. i 

PaccmorpeHve NOyYeHHbIX pe3yJbTATOB OMPITOB (ra6a. 1) MoKa3biBaeT, UT; 
TO], BMAHHeM pasAHUHOH CHJIbl OCBEMeHHOCTH Pe3KO H3MeHsAeTCA COMep Kaus 
Xopowusa B HCTbAX JO3bI, TOra KaK KOJIMYeCTBO KaPpOTHHOUNOB (KapoTHH| 
KcaHTodus) He HCIIbITbIBaeT OoNbIMX KOMeOAHHH, Ilo Mepe oca6JleHua CBeT/é 
(go 10 — 20% or nomHon OCBeLLCHHOCTH) COfep2KaHve MMrMeHTOB, B OCOOeCHHCHE 
CTH xXJopotbussa, B MCTbAX OOAbIIMHCTBA MCCJeJOBAHHEIX COPTOB BUHOr paras 
KaK IIpaBMJO, MOBbIMaeTCA. SHAYMTEMbHO MOBBILMAETCA KOJIMYECTBO XIOPOMHI i 
MB AHCTbAX, IPHTCHCHHBIX JIMCTbAMM MOOeroB COCceHUX PacTeHHH. : 

CneflyeT OTMeTHTb, YTO NUCTHA NosbI (copT Popysta, (bopMupoBkH Xelipany) |p 


0 
IIPHTCHEHHbIe JIMCTbAMM TOM 2%Ke JIOSbI WH OCBEMeHHbIe BCero Ha 1,5% OT OCBE 
ICHHOCTH OTKPbITbIX MECT, He XJIOPG 


Ta6nuna 2 cynopana M Tok Konell BereTanm ll 
Buuaune ocseulenHocTu Ha mpupoct BemecTB (29 |X) cojepxKanu JIOBOJIbH It 
y TOAOBAIbIX Ca*KCHICB B TeyeHHe BereTauuu 6obII0e KOJIMGeCTBO xnopodust 


(B rpammax) (215 mr%). 
OcpeuleHHOcTb B % OT TOJHOK Pes koe TIOBbIINeHHe coflep Kanu: F 
CopT BuHorpaqHor iat xJopodussa B JIMCTbAX Pa3JIMUHb 
es 100 50 30 45 COPTOB BHHOrpafHbIxX J103, HaxoqA® 


WMXCH B YCAOBUAX 3HAaYHTebHO OC} 
aOJI€HHOrO OCBeLeCHHA, HECOMHEHHTS 


Ka6epue 14,68] 28,47/18,89] 30,56  YKasblBaeT Ha OovIbLIyIo NpHcnocobp 
Asurote 16 ,08 | 22,29 13,10 = JIA€MOCTb BUHOrpayla K TAKOMY 3aTeB! 
Nusahe , poe Soe coe ni HeHuio. V3BecTHo, UTO HMeHHO TeHe® 
KauuTeJu ae ) ’ ’ n 
Canesaed 17'55|16°66|15'70| 14.22  BBI€ HCTbaA BuHOrpaywa XapakTepue 
[lnuna 26,48 | 24,08 | 25,47 Ash 3Y!OTCA OOJIbIUHM COepKaHHeM XJOM 
Unnypu 38,73 | 52,54 45,35] 32,59  potbusna (*). 
Anexcanfpoyau | 29,83] 35,46 | 29,77] 26,14 O 6onpmokt is 
Llonuxoypx _| 2984 | 33,89 | 31,99] 28,20 Poke tae Tae 
Surah 23'81|29'92/25'57| 14’00  CMocoOuocTH BMHOrpafHbIX 103 16 
Topyna musane | 25,33] 21,00] 33,41| 22,64 PasJIMYHBIM YCJIOBHAM OCBeIILeHHA TOF 
Tluno 20,28} 18,70/16,23] 17,16 BopuT TakKxKe HM BeNMYMHa UpupocTie 


, Horpaguont nosp. M3 rao. 2 BuqHOlR 
4TO NPHpocT BellecTB 3a BereTalMOHHbI Nepvok y OoMbIMHCTBa UCMbITaHHELA 
COpTOB BHHOrpayla 3aMeTHO OoJIbUIe Ha PaccesHHOM cBeTy, oco6eHHO Tam, ry 
JHEBHOH CBeT OblI OcMa6NeH Ha 50%. 

ONBITbI C MOMHOMMOAOHOCALMMH BUHOrpagHbIMN Jlo3amu copta PKaunTemt 
B ycoBuAX Kaxetuu (Ha ONbITHOM cranuun Vucrutyra caqoBoscrsa, BuHOrpall 
AapcTBa M BuHOxenMaA Muuucrepcrsa cenbcKoro xossilictrpa Tpy3sCCP) noxasa{e 
JIM, UTO IPH YaCTHYHOM 3aTeHEHHH pac- 
TCHHM YBeJINUMBaeTCA He TOMbKO OOM 
IpHpocrT BellecTBa, HO H ypoxKali, npu- BuManWe HHTeHCHBHOCTH CBeTa Ha ypozkalso 
TOM KauecTBO ero He yxyjilaetest (cM. BHHOrpafHbIX JIO3 copra PKaunrenuH ~ 
Ta6. 3). Buno, MpHroroBJeHHoe eBpo- 
MeHCKMM CiOCcOOOM V3 TaKoro ypoxkKasn,  Ocsemennocts 
NOWYYHO XOpoOulyio OleHKy pu Jery- *® % 07 NomHOH 
cTauwH HW He ycTyMano MO BKYCOBbIM = =—————__*_! "ta 
KayeCTBaM BHHaM, MOJYYeHHIM OT MI0- 


Ta6auna 3 


Bec rpo3 qu 
TOCTh B % 


Br 
Caxapuc- 


HOB KOHTPOJIbHbIX pacTeHuit. a a oe eae 6,25 
i 711 6,40 
IIpuuuny Oonpuioli npucnoco6.1temo- 30 174 | 1087 |20°91| 6’82 


CTH BHHOrpayHOH 03bl K pasvMu- 
HbIM BHCHIHUM YCJIOBHSM BoOOOMe, H B OCOOeHHOCTH K pesKOMy H3MeHeHUK!E 
OcBeINeHHOCTH, CJleqyeT UCKaTb B MCTOPHM pasBUTHA STO KybTypHI. To npenie 
crapeHiaM I]. A. Bapanoga (*), npeqKu BuHOrpaqHol 03H! OLInH O6uTaTenAMIe 
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eplofle BUHOrpasHad 03a OKa3alacb B HENPUBbIMHbIX JIA Hee yCJIOBUAX TeHH- 
TbIX JIECOB TpOMM4ecKOH HM yMepeHHOH 30H. MMenuHo B 9TOT NepHog B GopbGe 3a 
APKMM CBeT H MPOW30MWIO BAAOM3MeHeHHe UCXOAHOM, NepBoObITHOi opMbI 
BMHOrpayHoro KycTa — OH peBpaTuvica B Many. Ham KaKeTcs, YTO MOMy4eH- 
Pidble HAMM OFIbITHbIe JaHHble, YACTHYHO V3JIOMRKeHHbIe 3ecb, MOFYT MocsMyKUTb 
MAaTepHaJIOM, MOAKpenAIOWMM STY rumoTesy. 

Bmecte c TeM 3TOT MaTepHall aeT OCHOBaHHe pesnonarath, YTOB Mpotecce 
OopbObl 3a ApKUuH cBeT BUHOrpaHan s1038a cTasla Gomee UNH MeHee TeHeBbIHOC- 


BbIACHeHHe MOTpeOHOCTH MpOMbIMJIeHHbIX COPTOB BHHOrpaubIX J103 B pa3- 
MUHOM CHJIe OCBeIeCHHA JacT BOSMOXKHOCTh yCTaHOBHTb HanOoslee MpHeMJIeMble 
YCTOTHI NocaqKM HW POPpMUPOBKU KYCTOB B TeECHOM COOTBeETCTBHH C JO3HPOBKOM 
cBeTa Ha BHHOrpayHHKkaX HM MaKCHMAJIbHbIM MCHONb3OBaHHeM BO3SAYWHOTO 
PUpocTpaHcTBa HW WNOLOPOANA NOYBbI A MoWyYeHuA OOMMbHOrO BbICOKOKa4Ye- 
CTBeHHOrO ypoxwKaa BHuHOorpaya. 


HayuHo-HcceqoBaTeIbCKHt 
HHCTHTYT CaOBOACTBa, BHHOrpasapcTBa H BHHOAeIMA Tloctynuso 
MunuctepcrBa cembcKoro xo3aicTBa I py3CCP 1a, Gia i ]3\0) 


UMTHMPOBAHHAS JIUTEPATYPA 


1 B.U. JIto6umeuxko, Tp. CIIB o6m. ecrectsoncnpit., 41 (1910), 71. A. Bapaunos, 
Tp. 'napu. 6otT. cama AH CCCP, 4 (1949). 
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Jloknanm Axkagemun nayk CCCP 
1957. Tom 115, Ns 3 


IKCHEPHMEHT AJILBHAA MOP@OJIOLHA® 


A. HW. BPAYJE 


(I]pedcmaenexo axademuxom A, JI. Cnepancxum 15 V 1957) 


TeopernueckH HM IIpakTH¥eCKH BaXKHBbIH BOMpPOC O BOSMO2KHOCTH HOBOOOpaso 
BaHHA JIMMaTHYecKUX y3/10B MpHoOpesl B MocsefqHHe rob! OcoOce 3HaYeHHEs 
B CBA3H C MpoOseMaMH OHKOJIOrHH. OfHaKO peSyJIbTaTbI COOTBETCTBYIOWIMX HCH 
cneqopannl (7,14,4%,14, 1°22) ovenb npoTHBopedHBbI. Kak ye panee Obl0 yKa- 
3aHo Hamu (4), 3TOB3HAYHTeEIbHOH Mepe OODACHAeTCA CTPeMJIGEHHeM PelIMTEM 
BONpoc B OOUleH tbopMe, 6e3 AOCTATOUHO NOJHOrO H BCeCTOPOHHErO y4eTa ycOe 
BU, B KOTOPbIX COBepllaeTca pereHepauua. Jia yoBJeTBOpHTeJbHOrO pellet 
HHA yKa3aHHoro BOMpoca CyecTBeHHOe 3HaYeHHe HWMeeT Tak2Ke coveTaHHE 
MaKpO- HM MMKpOCKOMNMYeCKHX MeTOJOB UccJieqoBaHHA. Mexyy TeM B pAeER 
paOoT rucTosioruyeckand OOpaOoTKa MaTepHasla OTCYTCTBOBaJIa. 

B Hactosileli pa6ote H3y¥eHa BO3MOXKHOCTh HOBOOOpas0BaHHA JIMMaTHu-h 
YeCKHX Y3JI0B Nocwle yAasieHHA paHee HMEBLUIHXCA MapaaopTaJibHbIX, NOBepXHOw 
CTHbIX MaXOBbIX HM MOJ{MbIIMeUHbIX. OMbITHI Ob MOCTABJIEHbI Ha MOJOAbIX GesbIXy 
Kpbicax Becom B 90O—110 r. Onepalinu Npow3BOAMIM B aCelTHYeCKHX YCOBHAXS 
Kak paBusio, yAaiAJIM TONbKO CaMbIit y3eJ1, BbINeAA ero NO cCTepeOMHKpOcKOse 
TOM H CTapadCb MHHHMaJIbHO NMOBpeAHTb OKpyKarollve TKaHH. Mx Hapouutcll 
TPaBMHPOBaJIH HECKOJbKO Ooslee HHTCHCHBHO TOJIbKO B OTJeJIbHbIX, OfOBOpeH- i 
HbIX HW2Ke ombirax. Kpad paHbl TiaTebHO 3allHBaM, HM paHbl 3axKHBaM Nep-m 
BHUHbIM HaTaxKeHHem. Beero Oblio NpoBeseno 47 onbiTos. B 22 u3 HUX OHOBpee 
MECHHO yaa JMMpaTHuecKhe y3Jibl BYX OOslacTel (HalipuMep, NaxoBol HW NOW 
MblIIueuHON). Ha 11 kKpbicax coBMelljaiH Bce TpH onepalnu. Kppic sa6uBanrs 
B CpoK oT 3 fo 45 Aue Noce onepaunu. Ja NonHoro BEIABIeHUA WuMcaTuyetE 
CKHX Y3JI0B Hepes onepaliMel HW Mepeq 3a60eM MPONSBOAMIM HHTepCTHUMaJIbHyK |p 
HHbeKUMIO COOTBETCTBYIOMeH OOAaCTH Tela TpHNaHOBOH CHHbIO WIM TYLIbIO.e 
Tucronormueckyio o6paOoTKy MaTepHasia NpOv3sBOAMIH MO paHee H3102%KeHHbIME 
MeToam (?). B psayle cy4aeB Ha CepHHHbIX Cpesax HCCIeqOBaM MArKVe TKaH 
BceH 3aj[HeH CTeEHKM XXMBOTA, NOAMbILeYHOH HM NaxoBol OOmacTel. 

Ye Yepes 3 cyTOK Hocie yaleHHA NapaaopTabHBIxX smuMbaTuyeckyae 
y3JIOB B 3aOpIOLWIMHHOl KJleTUaTKe 3afHell CTeHKM X%KHBOTA NOABANOCh Gobo 
KOJIMYeCTBO MeJIKUX O4AarOB JHMoNAHOrTO KpoBeTBopeHuA. Tloqo6Ouble ouarng 
BO3HUKaJIM H3 Maso AudpepeHuUMpOBaHHBIX KeTOK THIa KaMOMaJIbHbIX B CAMBIME 
pas JIM4HbIX yuacTKax McceoBaHHOH OOsacTH. He ucks1O¥eHO, YTO B HX Haxo! 
AWNOCb HM HEKOTOPOe KONMYeCTBO JMMPOWMTOB, MUPpHpoBaBLUMX crofla “3 cocy'h 
HOB NyTeM waneflesa WIM BCMeACTBMe HCTeEYeHHA JIMMObI 43 MepeceyeHHbIXx npy 
BbIJeICHHH Y3JI0B cocyfoB. Bakuee, OfHaKO, 4TO HanMuve OobUIoro 4WMcHED 
MlepeXOQubIX (opM OT Mao AudpepeHUMpoBaHHbIX, MHTeHCMBHO JlenAluxcsh 
KaPHOKHHe30M KJIeETOK K JIMMOUNTAaM, CBUJeTeIbCTByeT O HOBOOOPAasOBaHHt 
NlOcseAHUX B OVarax JMHMouAHOro KpoBeTBopeHuaA. Tlospnenve TakuXx oOUarorl 
HECOMHEHHO NpeAcTaBAIO OTBETHYIO peaKUMIO Ha HCcedeHHe paHee HMeBIUNXCS 
UMaTH4eCKUX y310B. Ita peakuiA HaOOJalach JMIUb B NepBble AHH Moca 
onepallun. OAHOBpeMeHHO C NOABJeHHeM OYArOB AMM@OMAHOrO KpoBeTBopeHHst 
MexKly TIPHBOAALIMMH WM OTBOAAMMMM MMpaTHyecKHMU cocyaMH yJlasieHHord 
y3Jla Pa3BUBaJIMCb AHACTOMOSbI pa3JIMUHOH ANMHbI. Han6onee AnMHHbIe u¢} 
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LAH, r. 115, Ne 8, Cunmmuna 


Puce. 3 


Tloapmenue ouara sHMpoHAHOK 

TKaHH BOKpyr JiMmMiaTwHyeckoro 

cocyfa uepes 4 cyTOK mocvie yya~ 

JIGHHA NapaaopTasbHoro JHM@aTH- 

yeckoro y3sla. Okpacka xeJIe3- 

HbIM TpHOKCHreMaTeHHOM [an3ena. 
200 X 


TlosBeHHe MaprHHaJIbHoro JIHM- 
daTuyecKkoro cocyya H Obocobue- 
Hue BTOPHYHOFO y3eKa B HOBOOO- 
pa3yroulemca napaaopTaJIbHOM 
muMaTHyeckoM y3e. Onbit mpo- 
WON*KUTeNMbHOCTHIO B 410 cyToK. 
Oxkpacka 2KeJle3HbIM TpHOKCHreMa- 
TeHHom Tan3eua. 160 


IIpopactanue mHmMdatHyeckoro Co- 
cya B Oyfyukee MOsroBoe Belile- 
WecTBO HOBOOOpa3sylouleroca Ma- 
paaopTatbHoro smHuMaTHYecKoro 
y3na. OnbIT MpoOJOIKHTeNbHO- 
cTbio B 12 cyToK. OxKpacka e- 
JI@3HbIM TPHOKCHTeMaTeHHOM I au- 
3eHa. 320X 


“=. 


MX COCAMHANHCh C OTBOAAUIMMH KOJIICKTOPaMH HeECKOMbKO HWKe YPOBHS OT- 
KOMMCHHA MOYYHbIX COCYJOB. 

Jlanbuetiaa cyqbOa ouaroB wuMouAHOrO KpOBeTBOpeHHA OblIa HeouHa- 
Kona. [ToqaBsioulee OObUIMHCTBO UX IpeTepMeBaso OOpaTHoe pasBuTHe HM BCKope 
Hcuesalo. CoxpaHAJIMCh JIMUb eMHMUHbIe OYarH, pactosoxKeHHble Mo xofy 
POPMMPYIOWAXCA AHACTOMOSOB AMMiaTHyecKHX cocyoB. Bpictpo pa3spacrasch, 
OHH MyTou OKpyXau NoMoOuble aHacToMospl (puc. 1). Takue ouvaru B Jabuelt- 
WeM IIpeOOpa3sOBbiBaJIHCb B JIMM(aTHYeCKHe Y3JIbl, KOTOPbIe OKAa3bIBaJIMCb 
XOpOlUO ciopMHpoBaHHbIMH B cpefHem K 18 gio onbira. B wWesom stor 
mpollecc ipoTeKal aHaOrH4HO JeTasIbHO H3y4eHHOMy 9MOpHoreHesy uMaTu- 
MecKHX y3s0B (°, 47, +>). Hopoobpasyroulue- 
ica sMMiaTuuecKHe y3JIbl Oblm0 sIerKo 
OTIMYMTb NO NOABJICHHIO MapruHasbHoro 
wHyca (puc. 2), BpacTaHuio mumparuye- 
CKUX COCYAOB c NepHepuu K WeHTpy y3ula 
(puc. 3), opMupoBanuio peTHkyJApHoOw 


|KaKUX-JIHOO MpepopMHpoOBaHHbIX MeJIKHX 
JMMPAaTHYeCKHX y3sIOB. IJTo NoATBepAuso, 
4TO NOABJIeHHe HOBbIX y3JIOB CBA3aAHO HMeH- 
HO C HX HOBOOOpas0BaHWeM, a He C KOM- 
}MeHCaTOpHOH runepTpopueHh paHee MMeB- 
IWMXCA. 

HosooOpa30BaHHble auMpaTuyeckne 

\y3JIbl pacnoJlarasIdcb Bob ciopmupo- 
BaBUIMXCA MMMPaTHyecKHX CocyOB, Cco- 
| MpOBOXKAaouluxX Oprwowuiny!o aopTy H Kay- 
AasibHyt0 MoJlyio BeHy Ha y4acTKe HaunHaA 
OT MecTa pa3jeuIeHHA aopTbl Ha oOmIMe 
NOAB3SAOWIHbIe apTepHH H JO YpOBHA OT- 
XOKICHHA MOUeTHEIX cocyfoB, T. e. Ha “PHC. 4. OGumit Buy HoroodpasoBas- 
IWMXCH MapaaopTabHbIxX (A) 3 Mon 
| BceM MIpOTA%KeHMM KOPOTKUX HM AMMHHEIX  psnommux aumbatuueckux yaos (5) 
aHacToMoso0B. Mcksroyenue cocTaBsAamo yepes 28 cyTox nocule onepaunu. MHbek- 
/MecTo, rfle paHee HaxojWJica Mcceye HHI WHA TyWbio. 5 X 
y3ell WH re pa3sBuBaslacb rpaHyJIAWHOH- 
Hat TKaHb, XOTA 3feCb HM TOABJAacb ceTb JMUMiaTHYeCKHX COCYOB, Kak 
B onbitax () u ap. B pa3Hbix cayyaix KOMMYeCTBO HOBOOOPa30BaHHbIxX 
JMMpaTHyecKHX Y3JIOB HM UX MOKaMH3alWA B MpesemaxX YykKa3aHHOH oOmacTH 
3HaUHTebHO BapbupoBasu. Mnorga c CAHOM CTOPOHb! NOABMAJICA OHH, C Apy- 
rou — OfMH-2Ba suMdatTuyeckux y3sa. B Apyrux olbiraxX c KaxkJOH CTOPOHb! 
HOBOOOpa30BbIBaOCb JO YeTbIPeX-NATH y3s10B (puc. 4). Hamuuve NoOOHEIX Ba- 
pHaunit Jerko OObACHHTh, eC yUeCTb MporpeccHBHble HW perpeccHBHble H3MeHe- 
HHA OUarOoB JMMPoWAHOrO KPOBeTBOPeHHA: B Pa3sHblX cJIyYaAX HeOMHAKOBOe 
UMCJIO UX YCTAHaBJHBalO CBA3b C CHCTeEMOM BHOBb BOSHHKaIOWMX MHMaTu- 
yeckux cocyoB. M3no%KeHHoe OODACHHeT, NOYeMY B ABYX Cyuatx HOBOOOpa- 
30BaHHA “JIHMaTuYeCKHX Y3JIOB He MpOvsoOLio. 

B 4 onbitax OHOBpeMeHHO C JABYCTOPOHHHM YaJIeHHeM MapaaopTaJIbHbIx 
JMMaTuyeckHX y3JI0B Cc OAHOM (TIpaBoH) CTOPOH! TWaTeIbHO yaAIM Ha MIpo- 
TA2KeHHH 5—6 cM COOTBeTCTBYIONIMe smuMiaTuueckue cocysbl. [IpornBonosox- 
Had CTOPOHa, Ha KOTOPOH MX COXpaHHsN, CAyKUNa KOHTPOMbHOK. Kak u cule- 
HOBAaIO OXRKUMaTb, HOBOOOPasoBaHHe JMMPAaTHYeCKHX Y3JIOB MPOH3OLWIIO TOJbKO 
cepa. CipaBa, re JHMooTTOK OblI HapyUIeH, OHO He MMeJIO MecTa. 

Urak, HopooOpasoBaHie JMMaTHYeCKHX Y3JIOB BOSMOXHO JIMWIb TO XoLy 
(YHKUMOHMpyIOWMX muMiPaTMYecKHX cocyoB. BTO elle pas MoATBep»xXaerT 
Baxkieliy1o CPopMooOpasyIolly1o pOb WAPKYAAWMH MUMbI AIA HOBOOOpaso- 
BaHUuA MHMMPaTuYeCKHX y310B. SHaveHHe yKa3aHHoro *bakTOpa CTOMb Ke OTYeT- 
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JIMBO IIPOABHJIOCb B H3JlaraeMbIX ObITaX, KaK HM B paHee IIpOBe/EHHOM HccCJIeqoBa: 
HUM pereHepalun wHMdaTuyeckuX y3JIOB Nocsle MOBpexeHHA WIM yasleHHs 
yacTH Ka2Koro u3 Hux (°). BMecte c TeM, BO BCeX ObITaX HOBOOOpasoBaHHe JIMM, 
(baTHYeCKUX Y3J10B MpOHCXoAMO TONbKO B Tpeseswax He NOBpexKeHHOK py 
onepauwv %KHpoBoH TKaHH. 

B o6lleM ToxKecTBeHHble pe3yJbTAaTb! aslo yasleHHe MOBepXHOCTHbIX MaXO; 
BbIX JHMaTuyecKHX y3N0B. HopooOpasyrollve y3JIbl, KAK MpaBHJO, NOABJIAJIUCE 
B UpefelaxX HeMOBpeKeHHbIX TKaHeH M NOSTOMY 3a4acTylo pacnowlarasuce 
KpaHWaslbHee yJlaJIeHHbIX B MOAKOXKHOM RKUPOBOM KJeTUaTKe MepefHeH CTeCHKE 
»*KuBota. Kak uw B MpefbiqyUIMX ONbITaX, UX NOABJIeHHe COMYyTCTBOBaO Mepe; 
cTpolike CHCTeMBI JuMaTHueckHX COCyOB JaHHOH OONacTH. OMHOTHMHbIe pes yJIb; 
TaTbI alo yYaleHve TOJbKO CAMUX Y3JIOB HJIH y3JIOB BMecTe C HEKOTOPHIM KOJI: 
YeCTBOM OKpYy2KalcllMX UX TKaHel. B 5 ciyysaax, Mocsle HCCeYeHHA NOBep XHOCT- 
HbIX 1aXOBbIX JMMaTHYeCKUX Y3JIOB, Ha IpoTAxKeHuH 4—O cM OTMpelapoBblBa- 
JH KOXKy MepefqueH cTeHKH XKMBOTA, Ha €€ BHYTPCHHIOIO MOBeEpXHOCTb HaHOCHIE 
col 2—3% pacTBopa LeouquHa, Mocsle Yero KORY PUKCHPOBAIH Ha per*KHew. 
Mecte. B ycuJIOBHAX pa3BMBaIolleHcA HHTeCHCHBHO BbIpaxKeHHOM BOCMAaJIMTeJb; 
HOH peakUHn JIMMcaTuYecKHe y3JIbl B MOAKOMKHOK HKUPOBOM KJeTUAaTKe NepeHek 
CTeHKH XKHBOTA He MoABAAIHCb. IIpouecc pyOueBaHHA IpeNATCTBOBAaJI HX HOBO- 
oOpa30BaHHto. 

YjlaueHve MOJMbILNeUHbIX JMMPaTHYeCKUX Y3JIOB ao CleLyroulHe pesyJb- 
taTbl. B 13 cmyuaax u3 14 nocae UccedYeHHA BHYTPeCHHHX TIOJMbIMeUHbIX Y3JIOB, 
HaO0fasW TOIbKO KOMMeHCaTOPHY!O rMnepTpoduto 3aHHX MOAMBIWeTHbIX, BEC 
KOTOPBIX BO3pacTaJI MOUTH BABOe (B cpefHeM c 29 fo 51,5 Mr), H pa3BHTHe XOpoulo 
BbIPaxKeHHOH CeTH JHMaTHYeCKHX COCYOB B MecTe NloBpexenHA. B | cayuae 
HapaAy C KOMMeHcCaTOpHOH THunepTpodveh 3aqHHX NOAMBILWETHbIX, HOBOOOpa3o- 
BaNHCb Ba BHYTPCHHHX MOJMbIIMeYHbIX y3sia. OMH H3 HX ObII OYeHb HeOOsJb 
IMM, Jpyroli — HecKolbKo Kpyminee. Ilocuie yHaneHuA 3aQHUX MOMbIMe4 HBIX, 
y3JIOB MOXKHO ObIIO KOHCTATHPOBaTb TOJIbKO KOMMeHCaTOpHy!O rHunepTpoduro 
BHYTPe€HHHX Y3JIOB HW pasBUTHe CeTH JIMMaTHYeCKUX COCYAOB B pyOUOBOH TKaHH. 
IIpu ucceyeHun VM 3aHuX HW BHYTpeHHUX — HOBOOOpas0BaHHble y3JIbl NOABHAHCb 
B 3 caryuanx u3 10, Kora onepalMOHHbI paspe3 OblyI OYCHb SKOHOMHBIM, JJIMHO 
oxoo 1 cm. IIpu Oompummx paspesax pereHepalua He Mpoucxoguua. Hoso- 
OOpa3s0BaHHble y3JIbl B YKa3aHHbIX CYVAAX pacnosaradHCb HECKONbKO AUCTaMb-| 
Hee paHee HMeBLUHXCA B MOAKOMKHO-XKHPOBOM CJIOe Ha rpaHlle c NOMbIMeTHOK: 
oOnactbo. MHpekuHi HU WcCeqOBaHve CepHUHbIX Cpe30B NOKasasu, TO OTCYT- 
CTBHe HOBOOOpaSOBaHHA MOMMbIMeYHDIX JHMPaTHyeCKHX y3I0B pH GoubuMx 
paspe3axX MATKMX TKaHell HeECOMHEHHO OOycJIOBeHO pa3BHTHeM CeTH aHacTo- 
MOSOB JIMM@aTHYecKUX COCYAOB Ha BCe€M HX NpOTAKeHHH B rpaHyJAUMOHHOM 
TKaHH. 

Virax, Jake y MOJIOJbIX XKMBOTHBIX, Y KOTOPbIX pereHepallua MpovcxoyuT 
HavOolee MHTeHCHBHO (7°), H38yYeHHble WuMdaTHYecKHe Yy3JIbI HOBOOOpasoBblBa- 
JIMCb JIMUb NO XOLY POPpMUPyIOWIMXcA THM*aTHYeckHX cocyjos (I) B JocTaTou- 
HBIX 10 pasMepy Melo HeNOBperxeHHOH AXHpOBoOH TKanH (II). Baxkuo noquepK- 
HYTb, UTO HCXOM pereHepalluu ONpefedAeTCA COBOKYNHOCThIO OOOUX akTopos, 
M MrHOpHpoBaHve HX MPHBOAMT K HeOOOCHOBaHHbIM 3akIOVeHHAM. HeysuBy- 
TeJIbHO, HallpuMep, uToO B padore (*°) He HaGMOJamM HOBOOOpasoBaHUA uMa- 
THYECKHX Y3JIOB, SKCTHPMMpyA OMMH M3 LWeoli rpylnbl HX H He OOpaTHs BHH- 
MaHHA Ha COCTOAHMe OOsacTH Onepaltuu. Beuyly oTcyTcTBHA HOBOOOpa30BaH- 
Horo JIMMibaTHyecKoro y3Jla Ha MecTe paHee HMeBINerocad HeIb3A HCKIIOUHTb 
BOSMOXKHOCTh pereHepalMH B aTHMMYHOM MecTe. CyllecTBeHHbIX KOPpeKTHBOB 
TpeOyeT 3aKsiouenne (") 0 3HAYeHHH TWaTeNbHOH MpenapoBKu yasisemoro. 
suMpaTHteckoro y3ila. Ito OOcTOATeIbCTBO HMeeT BTOPOcTeneHHoe 3HaveHHe, 
TaK Kak Ha pe3yJIbTaTAaX OMbITOB CKa3bIBaeTCA COCTOAHVe XKUPOBOM TKAHH Ha 
SHaYTebHO OobIeM TpoTsKenuu. M3qmurHe chelMabHO apryMeHTHpoBaTh, 
4TO perenepalua uMaTHyecKuX Y3N0B, Kak HW APYruX OpraHoB, 3aBHCHT OT 
HHAMBUAyaJIbHOK PeaKTHBHOCTH MOAOMbITHOTO %KUBOTHOrO. B ycnoBuAx OTHO- 
CHT@JIbHO ObicTporo HOBOOOpasoBaHUA MapaaopTaibHblx wuMaTu4ecKux y3JI0B 
628 


yiecTBeHHO runepTpodun Noes jOWHAX Y3J10B MbI He HaOsIOfamu. Hanporus, 
JauleHve BHYTPeHHUX WIM 3aHUX MOMbIMeUHBIX Y3JIOB MOCTOAHHO COMpoBox- 
aylOCb KOMH€HCaTOp HOH renepTpodvelt ocraBseHHbIx. Her ocnopanuli cuntatp, 
TO HaIM4He WIM OTCYTCTBHe COCeMHUX C YaJIEHHbIM Y3JIOB CaMO 10 ce6e MoxeT 
MAT Ha pe3syJIbTaTbI ONbITOB. Ecm Obl Jeo OOcTOAMO HHAade, TO Mocue yfa- 
CHUA NapaaopTasbHbIX JMMPaTHYeCKUX y3J1OB UX HOBOOOpas0BaHHA He Mpouc- 
OMMJIO, HW HaOsOfalacb Obl JHUIb KOMMeHCaTOpHad peakUMA TOMBS AOWHbIX 
W3JI0B. OHakO HeCOMHEHHO, TO peaKTHBHad TulepTpouA TeX WMH UHBIX 
YMaTHYeCKHX Y3JIOB pH HEBOSMOKHOCTH pereHepallMM MMeeT BaxKHoe 3Haye- 
We, TaK KaK BOCCTaHaBJIMBaeT SallMTHble MeXaHH3Mbl Ha WyTH WApKyAWMH 
umob!. Bonpoc 0 BIMAHMH BUAOBbIX OcOOeHHOCTelt Ha HOBOOOpas0BaHHe JIUM- 
[baTuuecKHX y3JIOB, KaK M OO HX NOABJeHHH MpH HeEKOTOPbIX 3a0oueBaHHAX 
*, °) rpeOyer chelMabHol paspa6oTKH. STOMY B 3HAUMTebHOL CTeneHH MoryT 
OMOUb TIULaTeJIbHble NWaTOJOro-aHaToMHyecKkHe HaOsIOJeHHA Ha YesoBeKe (1, *). 

BbIaBJIeHHble 3AKOHOMepHOCTH HaMeuvaloT NYTH paspaOoTKH MeponpuaATHi, 
PeENATCTBYIOINMX HWM CMocoOcTBYIOWIMX HOBOOOPas0BaHHIo MUMPaTMYeCKHX 
y3JI0OB. Dro olipelesAeT WpakTMYeckHH HHTepec MOJIyYeHHbIX JaHHbIX. 


IlenTpambHbIh MHCTHTYT Iloctynuso 
YCOBepIeCHCTBOBaHHA Bpauch LOM Veo ST 
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SKCIEPHMEHT AJIBHAA MOP®OJIOrHA\ 


A. A. BOATKEBHY 


BJIMSHUE TEMMNEPATYPbI HA AKTHBHOCTb ®AFOLHTOB 
MPH PETEHEPALLMWM B YCJIOBHAX PASHOH KOHLEHTPALMM 
PFOPMOHA UWMTOBUAHON KEJIE3bI 


(IIpedcmaeaexo axademuxom H. H. Anuukoeoim 29 IV 1957) 


Buusauve TemMepaTypbl Ha pereHepalluio, B YaCTHOCTH Ha BOCCTaHOBJIeHHe 
NOKPOBOB, HeOJHOKpaTHO AB/ANOCb OObEKTOM BHHMaHHA HcCJefoBaTeven. 
V3 ycsoBpuli BHEINIHeM Cpebl HMeHHO TeMIlepaType IpHHaieKUT 3HAYHTeJbHaA 
pOJlb B H3M€HEHHH XapakTepa OCHOBHbIX *usHOMOrHYecKUX Mpoleccos. Hanom- 
HMM, TO ajlalTalluaA OpraHH3Ma K KoOJIeOaHHAM TeMIlepaTypbl cpebl COMpOBo-§ 
*KaeTcA 3HAaUMTeIbHbIMM (PyYHKUMOHAJIbHbIMH CABHraMH B pAJe SHAOKPHHHbIX| 
OpraHoB H rulaBHbIM OOpa30M B (YHKIUMH WHTOBHAHOH wKevNesbl. | 

Ham lpeAcTOuT H38JIOXKUTb 3fecb HEKOTOPble JaHHble OTHOCHTebHO Mpolecca 
3@KUBJICHHA PpaH B KOHTPaCTHbIX TeMNepaTYPHbIX YCJIOBHAX M pu 9KCHepuMeH- 
TaJIbHO H3Me€HEHHOHM B OpraHH3Me KOHWEHTpalHH TOPMOHA WIMTOBUAHOH *KeNesbl 
IlyTeM BBeeHHA 6-MeTHJITHOYpalluia WIM THpeonsMHAa. Mbl npociequiHn mpo-f 
NOJUKUTEbHOCTh HM XapakTep 3a%KMBJICHHA KOXKHbIX pao y OeubIX KPbIC, YYHTbI- 
Bad T1ylollab OTKPbITOH paHeBoH NOBepXHOCTH HW CpOKH NOMHOFO 3a%KUBJIEHHA. | 
OcHoBHoe BHHMaHHe OblO COpalleHO Ha UWHTOOrHYeCKy!O KapTHHY paHeBoro} 
oTHeisemoro. Hac HuTepecoBadl BoMpoc, B KaKOH Mepe ajjeKBaTHO KJeTOUHbIA 
cocTaB paHeBOro 9KCCyaTa OTpaxKaeT SKCHePHMeHTAJIbHO OOyCOBJIeHHbIe f 
TeMMlepaTYpOH BHeLUHeH Cpebl HTOPMOHAJIbHbIM (akTOPOM oOOulMe tu3svoOMOrH- 
yecKHe CABHTH B OpraHH3Me. HanoMuHuM, 4TO B CBOe BpeMaA yOeRUTebHO Opla | 
MOKa3aHa CBA3b MeX%Ky U3MeHeHHAMM PHCTOCTPYKTYpbl KpaeB paHbl H KapTHHbI f 
paHeBoro 9KCyJaTa B pasHble CPOKH 3axKHBJeHHA (*). 

MbI Hcnosb3OBaIH MeTOAMKY OTMeYaTKOB C MOBePXHOCTH paHbl, TpesoxKeHn- 
Hyt0 B cBoe Bpemal M. II. Toxposckoit u M. C. Maxaposp (°). B mocmequHe rogbr| 
3Ta MeTOJMKa NOJyuna WHpOKoe IIPHMeHeHve IPH WH3yYeHHH KayecTBeHHbIX | 
ocoOeHHocTeli Mpomecca 3aKMBIeHHA SKCMePpHMeHTAJbHbIX Pan B YCJIOBHAX} 
Ppa3HbIX TOPMOHAIbHBIX BosfelictBul (7, *, 4). 

Ham Jannble nomyyenbl B pesymbTaTe TpeX MeTOAMYeCKH PaBHOSHAUHbIX 
ONBITOB, JIA MpoBeeHuA KOTOPHIX OblIH UCHOMbsOBaHb! 82 NOMOBOSPeJIbIX 
OenbIx Kpbicbr. B KaxKOM OMbITe 2KMBOTHBIe B TeveHHe 10 AHeli Jo BBeyeHHA Mpe- 
TlapaToB WM Bech NocseyIOULMi NepHod HaOMo,euni, Oyqyun pasfenenbl Ha [Be 
OCHOBHble Ppyliibl, COfepXKaJIMCb pH cpefHelt Temnepatype 8,5 u 24,5°. Vsme- | 
HeHH | B TOPMOHAJIbHOM OaaHce MOAOMbITHBIX KXMBOTHBIX MBI BbISbIBAIH BBese- | 
HHeM MeTHJITHOypalusa (cyrounas fo3sa 10 Mr) un THPeouANHa (exeqHEBHO TO: 
5 Mr), TIpH4eM BBefleHHe MpenapaTow HayHanocb 3a 5 Heli Jo Hanecenua pau § 
HM UpoOfosKaNocb B TeYeHHe Nocwefytoulero 20-HeBHOrO MepHoga. B mpomecce 
HaOsOJeHM y KaxKJoroO %KMBOTHOPO YUHTHIBAIOCb COCTOAHHE PaHBl, ee apead, 
CKOPOCTb B CMeHe OCHOBHBIX CTaQMH 3axKMBJIEHHA, HM Oco60e BHUMAHVe OBI: 
oOpallleno Ha KeTOUHbIi CocTaB paHeBoro SKcyata. 

Uepes pasnble cpok Mocsie Hanecenua panbt (15 x 15 mM), uMeHHO yepes § 
{eo 6 yac. ul, 2, 3, 4 m5 quel, c MoBepxHocTH paHbl Opamucb oTMeyaTKH. | 
C stoli Werbio O6e3xKUpeHHble cTepHsbuble MpesMeTHbIe cTeKsa cTaHapTHbIM | 
MPHeMOM NpHKNaqbIBalucb K NOBeEPXHOCTH paHbl; OTHeYaTOK 9KcyaTa PuKcH~ | 
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Puce. 1 Pue. 2 


Puc. 1. MuKpocboto oTneyaTKa C MOBepXHOCTH 'paHbl KOHTPOMbHOH Kpbichl (yepes 24 
uaca, HH3KaH TemmepaTypa). 540 x 


Puc. 2, MukpodoTto otneyaTka paHeBorokccyfaTa KpbICbl, MomyyapleH MeTHA- 
THOypauH (yepes 24 4uaca, HH3KaA TeMMepatypa). 940 


OBaJICA B CMeCH aOcoJOTHOrO cHupTa c SPHpoM H OKpaluMBasicaA 10 PomaHos- 
KoMy. Ha Ka2KJOM cTekJle B pale Nowe 3peHua (pH HMMepCHOHHOM yBeMye- 
WM) MOACUMTHIBAIOCb YHCJIO KJIeTOK pa3HbIX KaTeropHi H OTMe¥aOCb COCTOS- 
ve Apa HW WHTOMIAsMBI. 

PaccMOTpHM OCHOBHbIe pe3yJIbTATHI ONbITOB. Y 2XKMBOTHBIX, He NOJYUMBILUMX 
IpellapaTos, HO COjepKaBwWIMXcA B YCOBMAX KOHTPacTHOH TeMNepatypbl, OTMe- 
€Hbl XapaKTepHble CABHrM B WHTOJOrHYeCKOM cocTaBe paHeBoro 93kKcysaTa. 
epe3 TpH 4aca MocJie HaHeECeHHA PpaHbl OTMe4YeHO HavaBilleecs BbICeseHHe Heli- 
PODPUIbHbIX JIeHKOUMTOB, yCHJIMBalolleech B Nocseqyioulwe TpH Yaca. Uepes 
SYTKH MIpollecc BbICeJIeHHA TeMaTOFeHHbIX 9IEMeHTOB B OGJIaCTb NOBpexkeHnA 
STaHOBHTCHA OoJlee HHTCHCHBHbIM, HM OTMeY¥aeTCA PeakKUHA CO CTOPOHbI KsJeTOK 
LO€NMHUTeEbHOM TKAaHH (pe. 1). JLocrarouHo aKTHBHO MpoTeKaer mpouecc pud- 
€peHUMpOBKH TeMaTOreHHBIX omMOnacTtos. HusKkaa TemMMepaTypa oKa3ana 
rHeTaiolliee LIMAHMe Ha BLICeIeHHe KJIETOK KPOBH (Kak rpaHYyJIOMMTOB, Tak u 
PpaHyJOUHTOB), IpHyeM CcKopocTb AupdepeHUupoBKH HU *ParoluTapHad aKTUB- 
OCTb TeX H pyrux Oblia 3aMeTHO OCJaO/eHa B YCJIOBMAX HH3KOM TemMileparypbl. 
TO OTPHUaTeIbHO OTpa3sHOcb HM Ha OOUIEM TeYeHHH Mpollecca 3aKUBJIeHUA, 
co6eHHO B cepeHHe Nepvosa HaOmofenu. OOmlaa 2%Ke NposouKUTeMbHOCTH U 
>POKM OKOHYAHMA 3axKMBJICHHA paH Y MKMBOTHBIX JByX TeMMepaTypHbIx rpyun 
OKasaJIHCb OJIM3KUMH. 

Yrueratolllee BAIMAHMe HH3KOM TeMMepaTypbl Ha 3a2%KUBIeHHe paH M aKTUB- 

HOCTb KJIETOUHBIX 9JIEMeHTOB B paHeBOM SKcyJlaTe HaHOoslee CHJIbHO MpoABH- 
MOCb Y TeX XKHBOTHBIX, KOTOPbIM BBOAMJICA MeTHITHOypalun. Ilo BAMAHMeM Me- 
VHATHOYpallva, KaK W3BeCTHO, pe3KO YMeHbIUaeTCA cojlepxKaHve THpeousHoro 
TOPMOHAa B TKAHAX OpraHv3Ma, CHM*KaeTCA YPOBeHb OCHOBHOrO OOMeHa, yCHJIH- 
BalOTCA TOPMOS3Hble Mpolleccbl B WEHTpaJIbHOHM HepBHOH cucTeMe. 
_ YkaoKeM Ha HavOoslee 3HAUMTeJIbHbIe CABYIH B KJIETOUHOM COCTaBe paHeBoro 
OTJleJIAeMOro: BbICeeHve CMeWMasbHbIX JeHKOWMTOB (HeEHTpoduoOB) 3ayepx*u- 
BaeTCA MO CpaBHEHHIO C KOHTPOJIeM, MOABMBLIMECA HelTpowHbl OYeHb CKOPO 
TOJBepraiotcaA paspyWeHHio; JMMOUNTHI H MOHOLWMTH! NpefcTaBJieHbl eqMHHY- 
HbIMH 3K3eMIIApamMu, Tpollecc HX MeTaMopdo3a B MomHOsacTbl HMeeT MecTO 
TOJIbKO B C(MHHYHBIX CLy¥adx. CusbHO yrHetaetca AudbepenuuposKa NomuGsa- 
CTOB H3 THCTHOUMHTOB, T. €. OTCYTCTBYIOT ABJICHHA, THNMUHbIe JIA ONpeseeu- 
HbIX 9TANOB 3a2KHBJICEHHA B HOpMe. EXMHMUHbIe HeEOOMbIIMX pasMepoB Makpotparu 
reMaTOreHHOH MpHpobl He OOHAPy2KUBalOT MpHcyWMX HM (OObMHBIX B Apyrux 
YCNIOBHAX) MpH3HaKOB aKTHBHOTO (arolwHTosa (puc. 2). Takoro pofla H3Me- 
He€HHA B KJIETOUHOM COCTaBe paHeBoro OTJeAeMOrO, a paBHO U OOllee yrHeTeHHe 
3QXKMBJIGHHA PaHbl, 3aMeTHO CMATUAIOTCA Y MKHBOTHBIX, TaK%Ke NOMyUaBLIMX 
MeTHJITHOypallul, HO HaXOJMBIUMXCA B YCJIOBHAX OTHOCHTebHO BbICOKOH 
TeMilep aTypbl. 

IIpu pe3KoM NOBbILeHHH ypOBHA OCHOBHOrO OOMeHa, IyTeM MCKyccTBeHHOH 
THPeCOHAN3 alu, 3HAUUTEIbHO YCKOPAeTCA Mpollecc BOCCTaHOBJIeEHHA MOBpexkJeH- 
HbIX TKaHeH. TJomoxKuTesbHOe BIIMAHHe THPeOHAHOrO TOPMOHA Ha 3a2%KUBJeHHe 
paH MposxBusocb HU Mp HH3KOH, HM Ip BbICOKOM TeMMepaType, XOTA Bce Ke 
cilelyeT OTMeETHTb, ITO MpH THpeoHAM3allHH CTUMYJIMp yiolllee BIMAHMe BbICOKOM 
TeMilepaTypb! Obio Ooslee SHAUHMTEJIBHDIM, HO JIMIb B MepBOH MOJIOBUHe NepHosa 
3axKuBsIeHHA. [lo3xKe sTa pasHulla Mexy «THpeOHAHbIMMy CepHAMM XKMBOTHBIX, 
cOJlep KaBIUMXCH IPH pasHolt TeMMepatype, NomHocTbw crviaqusacb. B ycsoBuAXx 
THPCOWAUsallM B KapTHHe paveBoro 9KCyaTa NpoABMNacb HawOoslee APKO 
peakUMA CO CTOPOHI KJIeTOK KpoBHu. Bplcerenne AuddpepeHUMpOBaHHbIxX HeliTpo- 
PHIOB, MOHOLMUTOB HM JMMOMUTOB 3Jecb HAYHHAOCb paHblile, JEM B KOHTpoOsle 
WIM B YCJOBUAX BBeeHHA MeTHITHOYpallusa; YMCNO KNeTOK Oblo0 Sombie. 

Cnenyroulett oco6eHHocTbIO ABIIANIOCb MaccoOBoe BbISpeBaHHe MosMOMAaCTOB 
TKaHeBOrO HM KpOBAHOTO NpoucxoweHua. B sry dasy HHTeHCHBHOCTh pacnaya 
HEHTPOPUbHEIX JI€HKOUHTOB Oblia HAaCTOJIbKO BbICOKa, YTO OCHOBHY!O Maccy 
KJICTOUHDIX SJICEMeEHTOB B SKCYAaTe COCTaBMJIM KpyNHuble NoMMOsacTbI reMaToreH- 
HOM M rucTHOreHHOH npuposnl. B ycoBuAX THPeOMAN3 alLMH MOACbIXaHHe NOBepX- 
HOCTH paH COMNpOBOXKasocb OOpasoBaHHeM IMWIOTHBIX KOpOdeK, B pesyJbTaTe 
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uero B3ATHE OTMeYaTKOB C MOBepXHOCTH PaHbl B 103 AHH HepHod BOCCTaHOBeHHA 
CTAHOBHJIOCb y2Ke H€BO3MO2KHbIM. 

ConocraBsIAd pe3yJIbTaThI HaOsIOAeHHH y 2KMBOTHDIX, HAXOAMBINAXCA B pas} 
HbIX 9KCHepHMeHTaJIbHbIX YCJIOBMAX, Mbl IpHXOAMM K CJleAyiolleMy OOUeMy} 
3aku04eHHioO. TeMnepaTypa BHelIHeH Cpef[bl OKa3bIBaeT BJIMAHHe Ha CKOPOCTI| 
pereHepallMoHHoro mMpouecca. Huskat TeMMepaTypa oOKa3biBaeT YyrHeTarollets 
BJIMAHHe Ha MHTCHCHBHOCTb BbICeeHHA H AudpdepeHUMpOBKy KJIeTOUHbIX Je} 
MeHTOB B IlepBblii MepHoX BOCCTaHOBHTebHOrO Mpollecca. YruerTarolllee BMA} 
HHe HH3KOM TeMMepaTypbl OKa3alocb Ooslee 3HAYHTeJIbHbIM B TeX YCOBMAX 
Kora BaxkKHelillee 3BeEHO peryAAWMM OCHOBHOTO OOMeHa — IIMTOBMAHaA Kee 
3a — 6pl0 BbIKIO4eHO. IIpH 9KCHepHMeHTAaJIbHOM IIOBbIIMeHHH KOHUeHTpallul 
TOPMOHa UMTOBHAHOH %Keslesbl B OpraHH3Me HMHTeHCHBHOe TedeHve peliapa 
THBHOrO Mpollecca yKe MajlO H8MeHAeTCA pH MOMeMLeHHH KUMBOTHHIX B pa3Hblk| 
TeMilepaTypHble yculopua. Takum oOpa3soM, HalliM JlaHHble CleyeT paccmaTpu 
BaTb B Ka¥ecTBe HOBOrO lOKa3aTeJIbCTBA BaXKHOM POH WHTOBMAHOK *KeJlesk 
B ajlaliTalMOHHbIX peaKUMAX OpraHv3ma. 


Boponexckuit Tloctynuno 
MCAMUMHCKHM MHCTHTYT 25 1V 1957 
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PHZHOAOLHA 


O. A. OCTPbIM u 3. HU. COBHEBA 


O ®A3OBbIX H3SMEHEHH SAX PEAKTHBHOCTH OPrFAHH3MA 
B NAFOFEHE3E FA30BOH HH®EKILMH 


(II pedcmaeaeno akxademuxom A. Ll. Cnepanckum 3 V 1957) 


Visyyad Ha IpOTH*KeHHM TOCeqHUX JeT NaToreHes ra3s0BOH raHrpeHbl 
V3bICKHBad Ha STOH OCHOBe NOAXO/bI K SKCMeEPHMeHTAaJbHOH NpodusakTuKe HTe- 
panuu, MbiCTOJIKHYJIHCb C PakTOM, YTO OHO H TO Ke BMeMlaTebCTBY OKA3bIBAO 

|“ pasMUHbI ScbdekT B 3ABMCMMOCTH OT STANOB pasBuTUA 3a0oueBaHusA ((*“) u yp.). 
®aktTop BpeMeHH MpuoOpetas 3ecb occOce 3HaveHHe. 

B mpoliecce uccieoBaHud HaMH ObLIO YCTaHOBJIEHO, YTO TAKHMV BMeILaTeJIb- 
CTBaMH, KAK HOBOKAHHM3allHA MBI, MepepesKa TpeX OCHOBHbIX HepBOB WIA 
-jleadbbepenTauua KOHeUHOCTH, aTaK2%Ke BBe/eHHeM CHellMduuecKkoH CbIBOPOTKH, 
| MOXKHO ObWIO NpeOTBpallaTb B OOJIbUIMHCTBE CJIyYaeB pasBUuTHe aHaspoOHok 
“HWHeKUMH IPH YCOBUM, eCIM yKa3aHHble BMellaTeIbCTBAa IpOusBOMINCh Jo 
WIM B MOMeHT 3apa2%KeHHA XKMBOTHBIX. OTH %Ke BMellaTeIbCTBa, MpOBeJeHHble 
¥Yepe3 HeCKOJIbKO YaCOB NocJe 3apaxKeHuA, He TOJIbKO He OKAaSbIBaJIH MOJOXKH- 
TembHoro addiektTa, HO WHOrla yXyAWanu TeyeHHe UHeKUMOHHOrO Mpouecca, 
YCKOpAA THOeb HKMBOTHBIX. 

Uro6b! nofoltH K aHamHsy BOpoca O TOM, KaK MeHAeTCA peaKTHBHOCTb 
WeHTpabHOH HepBHOM CHCTeMbl NO XOfy pasBUTHA TOKCHKO-HHeKUMOHHOrO 
Hpollecca HW HeJIb3A JIM B 9TOM Mpollecce TaK%Ke OTMETHTb KakNe-JHOO asoBble 
H3MeHeHHA, Mbl U30pasu, B KaveCTBe HHAMUKaTOpa, peakUMH OpraHusMa Ha onpe- 
lesieHHbie Josbl Ko*@euHa HM Opoma. 

Baia nofqoOpana Taka Josa KodevHa (KocdbevH-GeH30aT HaTpuA), KoTOpan 
Ip BHYTPHBeCHHOM BBeJeHHH BbISbIBaJIAa y Kpbic OOMlee BOSOY*KeHHe C KpaTKo- 
BP€MEHHbIMH CyoporaMH. Bplia Tak%Ke ycTaHoBseHa osa Opoma (OpomucTbIi 
HaTpvi), KOTOpad Ip BHYTPHBeHHOM BBeJeHHM BbISbIBaa Y KMBOTHBIX OOLLYy10 
3ATOPMOXKCHHOCTb WH BAVJIOCTD. 

Bplo ycTaHoBJieHO, UTO B YCMOBMAX IpefBapUTebHOrO BBeeHHA pacTBopa 
kodbevHa B MbBIIIIbl 2XMBOTHOrTO yKasaHHaA cyopomxHaA osa Kodeuna mph 
BHYTPHBeHHOM BBeJeHHH CTAHOBHJACb CMepTesbHOM, B TO BPeMA Kak Ta %*Ke o3a 
KocbewHa B YCOBUAX IpelBapHTeIbHOrO BBeJeHHA B MbILILy pacrBopa Opoma 
TepAJIa CHOCOOHOCTD BHISbIBATb CyHoporu. B cBoro ovepesb, BHYTPHBeHHOe BBeIe- 
He u30paHHOl Josbi OpoMa Ha (one MpesBapuTesbHoro BBeJeHHA KodenHa 
TepANO CHOCOOHOCTh BbISDIBATh YIHeETeHHOe COCTOAHMe Y %MBOTHDIX. Ta Ke 
fo3a OpoMa ycuuMBadla cBoe JeHcTBHe JO NOABJeHUA CYAOpO2*KHOrO COCTOAHUA 
y 2%KMBOTHBIX IPH MpeBapvTeJbHOM BBeeHHM HMM B MDILIIbI Opoma. 

Ucnonb3ya 3TOT MeTOJM¥ecKHH TIpveM, MBI MpoBeJM CJeyOuMi skcMepHu- 
Ment. 40 Kpbic ObluIH 3apaxKeHbl B HKPOHOXKHbIe MbILI[bl CMepTeIbHOM JO3Oli 
MHKPOOHOM KYyJIbTYpbI celirMuecKoro BuOpHoHa. 20 Kpbic ObLIM pasfemeHbl Ha 
4 rpynnbt no 5 Kpbic B Kaxkol. 1-H rpynue yepes | uac, 2-H — uepes 3 aca, 
3-H — uepes 6 ac. u 4-l — uepes 12 uac. BBOAMMACb BHYTPHBeHHO usOpaHHaA 
cyopoxHad Jo3a KotenHa. OHOBpeMeHHO 9Ta %Ke jo3a KOMenHa BBOAMMACh 
5 HOPMaJIbHbIM 2XHBOTHBIM (KOHTPOUIb). 

Tapannenbuo, Ha 20 ocTabHbIx KpbIcaXx Obl MOCTABJIEH TAKOM Ke OMIT C TOM 
JMlIb pasHuel, ro BMecTO KOteHHa BBOMUaCh W30PpanHan o3a Opoma. 
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KOHTposeM CayxXHIM 5 HOpMaJIbHbIX KpbIC, KOTOPbIM BHYTPHBeEHHO BBOMMMAaACb 
TObKO H36paHHasn jlo3a Opoma. B pesyubTaTe ylasocb YCTaHOBHTb, 4TO OAH HU 
Te *Ke Josbl KodeuHa HW OpoOMa Ip BHYTPHBEHHOM BBeJeHHN BHISHIBAJIH pasJIM4d- 
HIM atpdbeKT y X2KHBOTHBIX B 3aBHCHMOCTH OT BpeMeHH, Mpollefiwero Nocse 3apa- 
2KeHHA. 

Avasu3 TMOJyYeHHbIX pesyJIbTATOB NOKasas, YTO TO XO[y pasBuTUs 3a0o\le- | 
BaHuA, HauwHad c l-ro fo 12-ro “aca, MMeeT MeCTO TIOBbILeHHe CYAOPOKHOLO | 
JIeHCTBUA KO(eHHA BIVIOTh KO CMepTeJIbHOrO ACXoOfa. 

B rpyritie 2*KHBOTHBIX, KOTOPbIM BMecTO KotbeHa BBOHJICA OPOM, MO2KHO ObLIO | 
OTMeTHTb HeGOObiloe MOBbILIeHHe JelicrBua OpomMa Ha l|-m yacy 3adoueBaHHaA, 
3aTeM OTMeyaJIOCb CHM KeHMe ero AelicTBUA Ha 3-M YaCy C MOCMeMYIOUMM MO]b- | 
eMoM K 6-my H ocoGeHHO K 12-mMy uacy 3a0oeBaHHa. 

VnbiMv cJIoBaMu, MO XOly pasBUTHH TOKCHKO-MHPeKUMOHHOPO Tpoliecca pH 
ra3soBoll raHrpeHe WMeeT MeCTO W3MeHeHHe peaKTHBHOCTH BbICIUMX OTJeJOB 
WeHTpalbHOH HepBHOM CHCTeMBI, UTO CKasbIBaeTcA B acpeKTe OT JeHcTBMA Ha | 
OpraHu3M KodevHa H Opoma. OrMeveHHble H3MeHeHHA PeaKTHBHOCTH, KaK MOKa- 
3bIBaeT OBIT, CBAZAHbI C TEMM OTHOIMCHHAMHM, KOTOPble CKJabIBaloTcA B IWeHT- 
PaJIbHOH HepBHOH CHcTeMe Mex fly BOSOYAMTEbUbIM H TOPMOSHBIM Tpoteccamn. | 

MoxHo 6blIO ToslaraTb, ITO YKa3aHHble H3Me€HeHHA PeaKTHBHOCTH CBASAaHbI 
¢ TEMH NaTOreHHbIMH pa3{paxkeHHAMU, KOTOPble HellpepbIBHO NOCTyNaloT B IeH- | 
TPaJIbHY!IO HEpBHYIO CHCTeMy M3 O¥ara 3apaxeHuA. Takoe lpefcTaBJleHHe BbiTe- 
KalO W3 Hallux Mpesbiqyuux ombiTos (°, °), MoKasaBLIMX, YTO pasBuTHe HHDeK- | 
UMOHHOFO Hpolecca H Mpollecca HHTOKCHKaLMU MpOMCXOMMT TOMbKO B YCJIOBHAX | 
coxpaneHuA addbepeHTHbIX HepBHBIX cBa3eH. Hapymienve STHX cBA3eH cbapMa- 
KOJIOPHUeCKUMH CpeCTBaMH (HOBOKaHH) WIM WepepbiB HX XApyprudecKMM MeTO- 
oM (Jleacdpepentauna) NpeqoTBpalllaeT BOSMOXKHOCTH PasBUTHA TOKCHKO-HHMeK- 
UMOHHOrO Mpollecca pH raso0BoH raHrpenHe. 

Vcxoa 43 3THX aHHbIX, MOXKHO ObLIO NpeAMONORKUTH, YTO CABUT PeaKTUB= | 
HOCTH UWeHTpasIbHO HepBHOM CHCTeMbI H BbIABJIeHHe B 9TOM TIpOllecce OTAeJIbHBIX f 
qba3 Tak>Ke CBA3AHbI C JleHCTBHeM NaTOreHHbIX pa3jpaxkeHHl, HCTOUHHKOM KOTO- 
PHIX ABJIAeTCH POPMUPyroulHlicA Ovar rasoBoH HHeKLHH. 

Ecaim Takoe lpejicraBsleHve B KAKOH-TO Mepe OTPaxKaeT CYMIECTBO OTJCJIbHbIX 
(pa3 NaToreHe3a 2TOrO 3aG0eBAHHA, TO MOXKHO ObIO NpeAMONOXRUTH, UTO BbIKJIIO- 
geHve MaToreHHbix adPepenTHbIX pasApa*KenHuit Ha pasM4HbIX (tbasax 3adoeBa- | 

HHA H, CleAOBaTeIbHO, Ha pa3JIMUHBIX 

Tao6auna t (basaxX H3MeHeHHOM peakKTHBHOCTH WeH- 

Bausnne jeapbepentanwn KoWeuHocTH “Ha TPaJbHOM HePBHOM CHCTeMBI fact pa3-: 
TeyeHHe Fra3s0BOH TaHrpeHbl B 3aBHCHMOCTH JIUUHbIM acdexr. na BbIANCHeEHHA 3TO-- 
OT (pasbl pasBuTHA 3a60meBaHuA 3 J 

‘ ro Borpoca Obl NocTaBseH Celywoulun 

UncIO XHBOTHBIX OMbIT Ha THexX Tpyllax *#XAMBOTHBIX. 


Hy Atle Gem PPRUAY alae cre I rpynne ONbITHBIX %XHBOTHDIX T1po- 
Lalita 3 Ba | gos USBOMACb Heappepentalua seBou 
5 Seaham: 3ayHell KOHeUHOCTH 3a 24 “aca JO BBe- 
fa EE | amo JICHUA B MbILLILbI STOH KOHEYHOCTH CMep- 
TeJIbHOH JO3bl MAKpOOOB cenTHyecKoro & 
3a 24 uaca no 3a- | 49 4 415 BuOpvona. I] rpynne KHBOTHDIX Ta Kew 
__ ~paxkenusi onepaluA ponsBoqunach yxKe uvepes fj 
Koutpo.tp {9 | 16 3 115 ee mocsie 3a ores Ill i 
Uepes 1—1,5 uaca | 20 9 14 z i P A if 
nocse 3apaxeHna rpylie *KHBOTHBIX JeadPepenTalua Ko- fh 
Koutponb 20 16 4 HeYHOCTH MpousBoqusacb yepes 4—5 
Bie 4—-5 ac. 25 14 ie wac. ToCJlIe 3apaxkeHHA, T. e. Ha one 
Je 3apaxKeHna 
ounces 20 6 y2Ke pa3sBuBlleroca 3a001eBaHHA. 


PesyJIbTaTbl STHX ONMBITOB lpefcTaB- 
JeHbl B TaOm. 1. 
Kak Buno 13 Ta6.1. 1, OHO H TO Ke BMeLIAaTeMBCTBO OKAa3bIBaNO pasa HBIit fh 
oipthext B SaBUCHMOCTH OT Toro, KOra MpoHsBORWJICA MepepHIB acdbepeHTHbIXW 
yTeH petiekTopuoli tyra Koneunoctu. Ecau ata ollepalua TMpovsBoHsiacb/s 
3a 24 4aca lo 3apaxkeHusa, To 6oNbIIMHCTBO KMBOTHBIX He 3a00JleBaslo Tas0BOH jp 


rpeHow. To xe BMellaTerbcTBO Yepes 1—1,5 yYaca nocae 3apaxkKeHHA yxKe 
palO MEHbIIMH atpiexT, a Jeadibepenraua Konewnocru yepes 4—5 uac. moce 
paKeHHA yKe He OKaSbIBala HAKaKoro OarompusATHoroO JelicTBua. 

| PesyJbTaTbl ITHX ONBITOB TOBOpAT O TOM, 4TO atbipeKTHBHOCTD BMeIUaTeNb- 
Ba 3aBHCHT OT COCTOAHUA PeCAKTMBHOCTH HepBHOM CHCTeMBI Ha pas HUHbIX 9Ta- 
3apaKeHuA WM 3a00JleBAHHA XKMBOTHDIX. 

| Wcxoqa “3 Toro, Yo MepepHiB pedmeKrop Holi lyr B addepeHTHOM 3BeHe 
yTeM WepepeskH BCeX COOTBETCTBYIOUIMX 3a/[HUX KOpelIKOB CIIMHHOrO Mosra 
Mb3A CUMTATh NOMHON Meadpepenranveli, Tak Kak pasApaxenusa MorytT llepe- 
BaTbCA TakxKe lO MYTAM CHMMaTHYeCKOM HePBHOM CHCTeMBI, MBI Ipeuoso- 
WIM, YTO Ha TlosHUX (hasax 3a6oNeBAaHHA M3MeHeHHe peakTHBHOCTH HepBHO!i 
TEMbI MOET MPOUCXOMUTh 3a CueT STON NOCaBoUHOH adtbepentauuu. 3aKoHo- 
PHOcTb TaKOrO MpeANONOKeHHA MOria BbIACHUTbCA V3 CHelWaNbHBIX OMbI- 
B, B KOTOPBIX HapsAfly c SObl4HOh NeapepenTaumeli KoHedHOCTH fpousBosH- 
Cb Obl Tak%Ke OMHOCTOPOHHaA JecumnaTusalluA MyTeM yjaleHua OprolHoH 
cTH CHMMaTHYecKOw WenouKH. Tako onbiT Obl HAMM MocTaBien. 

[pynma Oembix Kpbic Oblia 3apaxkeHa MMHUMAaNbHO cMepTembHOM Josoli 
KpoOoB cellTH4eckoro BHOpvona. Uepes 4—5 yac. sTHM 2KUBOTHDIM MIpoKs- 
AMIOCb OMHOBPeMeHHO C JleadepenralveH KOHeUHOCTH yjlaleHue cumnaTu- 
CKO Wenoukn. Pes yIbTaTbl onbiTa MpescTaBeHbl B TAG. 2, 43 KOTOPOli BUAHO, 
0 ycTpaHeHHe OOaBouHbIx 

3/IpaxKeHHl BHOBb CKa3a- WO ae 
pCb Ha peSyJIbTaTaxX OMbl- Bananne eabpepertayun Koneynocru MH yqaseHua 
. B dTux YCJIOBHAX B ONbIT- CHMMaTHYeCKOH WeMOUKH Ha TeYeHHe TasoBoH raHnrpeubl 
pUrpytitie norMOano B Ba 


13a MeHbUIe %%XHBOTHBIX, Bpema onepa- 
| THBHOTO BMe- 
MB KOHTDPOJIe. Tpyunta *xHBOTHDIX WaTeIbCTBA 


| Jina BbIdCHeHHA, KAKOB nocae sapanxe- 
Het 2:ptekT oT 3TOTO KOM- 
eKCHOrO BMEIIAaTeJIbCTBAa 
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UucNO 2KHBOTHBIX 


B OTIbITe 
Tlaslo moc- 
JIé ONbITa 
BbI2KHJIO 
Tlocyie 
OnmbiTa 


1 Oomee MO3MHAX CPOKAX OC piniag Genes 18 ne 
OomeBaHHA, Kora peak- Te ict 
BHOCTb LeHTpasIbHOM Hep- Koxrposapuaa — 18 12 € 


(OH CHCTeMDbI ipeTeplieBaeT 
JibHelilliMe U3MeHeHHA, Obl MOCcTaBJIeH TaKOM %*Ke ONbIT Yepes 8—9 yac. Tocwie 
Pax%KeHUA 2%KHBOTHBIX. PesybTaTbI STOPO OMbITa MOKasasI, YTO YKa3aHHble BMe- 
ATeJIbCTBA B STOT Hepvok 3a0o0/leBaHHA yKe He OKA3bIBAaIOT HUKaKoro acdbekrTa. 
Takum oOpasoM, yAaJlocb BbIACHUTb, 4TO NO XOfy pasBuTHA 3a0ou1eBa HHA 
PBHaA CHCTeMa XKUBOTHOPO U3MEHACT CBOIO PeaKTHBHOCTb B CBA3H C JelicTBHeM 
TOPEHHbIX pasf{paxeHul, UAyYUIMX H3 OYara MaTOJOorHyeckoro mMpollecca. 
'M MATOPeHHble pasipaxkenuxA JexKaT B OCHOBe MaToreHesa 3a0o/leBaHUsA MU OOy- 
[OBNMBAIOT (asoBble H3MeHeHHA peaKTMBHOCTH opraHK3ma. B 3 aBHCMMOCTH 
‘STOO OLHO H TO Ke BMEIMAaTeMbCTBO MOXeET OKASbIBaTb Pas/IMYHOe MelCTBHe. 
Bor novemy mpH paspa6oTKe NOAXOJOB K SKCMepHMeHTAaJIbHOM MpousakTuke 
Tepanuu CJlelyeT YUUTHIBATb He TONbKO XapakTep CaMOrO BMEIaTeJIbCTBa, HO 
maroreneruyecky1o (basy, B KOTOPOM OHO MOXKeT OKa3aTb COOTBETCTBYIOUINH 


PEK. 


VWucratyT : 
HOPMAJIbHOH H MaTOJIOrHYeCKOH HSHOJIOTHH eae 
AkaeMuu MeqMIMHCKHX HayK CCCP 19 
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